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The sound signal mixing method
using the time-frequency plane
Wataru OWAKI
Abstract
This study has two purposes. The first purpose is the realization of a
sound signal mixing method, which can mix a voice and background music
without hiding the voice. The second purpose is to show the eﬀectiveness of
using the time-frequency plane for the sound signal mixing. In this paper,
a sound signal mixing method using the time-frequency plane is proposed.
The main feature of the proposed method is that the proposed method has
focused on two patterns on the time-frequency plane of the voice i.e. the
harmonic structure and the formant structure. By utilizing these two struc-
tures, the proposed method can be used in every mixing ratio for every type
of voice. In order to evaluate of the proposed method, a comparison between
the proposed method, the equalizer approximation of the proposed method,
and the ducker approximation of the proposed method, was carried out by
the subjective evaluation experiments and observation of the time-frequency
planes of outputs of these processes. The results of these evaluations had
shown that the proposed method can achieve the purposes of this study.
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Δ΋ͷͱ͢Δ. ຊ࿦จͰ͸, ͜ΕΒͷ໨తΛୡ੒͢ΔͨΊʹ, ࣌ؒप೾਺ฏ໘Λ༻͍ͨ
Ի৴߸ࠞ߹๏Λ 3ख๏ఏҊ͠, ओ؍ධՁ࣮ݧͱ࣌ؒप೾਺ฏ໘ͷ؍࡯ʹΑΓ༗ޮੑΛݕ
౼ͨ͠.
ୈ 2ষͰ, Ի੍ָ࡞ʹ͓͚ΔϛΩγϯάॲཧʹ͍ͭͯ·ͱΊͨ. ·ͣ, ϛΩγϯάॲ
ཧͷ໨త͕, Իྔ, ఆҐ, Ի৭ͷόϥϯεΛ੔͑, ओ໾Λ͸͖ͬΓͤ͞Δ͜ͱʹ͋Δͱ·








୲͏͜ͱ͕Ͱ͖, ͞Βʹॲཧ಺༰ʹ൓өͰ͖Δ఺ʹ͋Δ. ·ͨ, εϚʔτϛΩαʔͷ࣮
૷ʹ͍ͭͯ, ϋʔυ΢ΣΞͱιϑτ΢ΣΞʹ͍ͭͯྫࣔͨ͠.
ୈ 4ষͰ, ௐ೾ߏ଄ʹண໨ͨ͠ख๏ΛఏҊ๏Aͱͯ͠ఏҊͨ͠. ͜ͷख๏Ͱ͸, ࣌ؒ
प೾਺ฏ໘্Ͱͷௐ೾ߏ଄ͷύλʔϯΛଊ͑ΔͨΊʹ, MPEG1 Audioʹؚ·ΕΔௌ֮
৺ཧϞσϧͷ७Ի൑ఆΛج४ͱͨ͠. ͜ͷఏҊ๏Aʹ͍ͭͯ, ग़ྗ৴߸ͷ࣌ؒप೾਺ฏ
໘ͷ؍࡯ͱௌऔ࣮ݧʹΑΔओ؍ධՁ࣮ݧΛߦͬͨ. ධՁ࣮ݧͰ͸, ఏҊ๏ Aͷ࣌ؒप
೾਺ฏ໘্ͰͷॲཧྔΛ࣌ෆมͷΠίϥΠβͱͯۙ͠ࣅ͢Δॲཧ๏Λൺֱର৅ͱͨ͠.
ൺֱʹΑΓ, Ի੠ͷௌ͖औΓ΍͢͞ʹ͍ͭͯ, ఏҊ๏AͷධՁ্͕ճΔ (΢ΟϧίΫι
ϯͷॱҐ࿨ݕఆͷยଆݕఆʹ͓͍ͯ, p = 0.027) ͜ͱ͕Θ͔ͬͨ.





ୈ 6ষͰ, ϑΥϧϚϯτߏ଄ͱࣃࡲԻʹண໨ͨ͠ख๏ΛఏҊ๏Cͱͯ͠ఏҊͨ͠. ͜
ͷख๏͸, ఏҊ๏BʹΑΔϑΥϧϚϯτߏ଄΁ͷॲཧʹ, ࣃࡲԻ΁ͷॲཧΛ௥Ճͨ͠΋
ͷͰ͋Δ. ࣃࡲԻ΁ͷॲཧ͸, ฼Իͷप೾਺෼෍ͷಛ௃͸ 3 kHzΑΓ௿͍प೾਺ଳҬͰ





ୈ 7ষͰ͸, ఏҊͨ͠ 3ख๏ʹ͍ͭͯൺֱͱߟ࡯Λߦͬͨ. ओ؍ධՁ࣮ݧʹΑΓ, Ի
੠ͷௌ͖ͱΓ΍͢͞ͱԻ࣭ʹ͍ͭͯఏҊ๏C͕࠷ྑͰ͋Δ͜ͱ͕Θ͔ͬͨ. ·ͨ, ఏҊ
๏Aͷܭࢉྔ͕࠷খͰ͋Γ, ఏҊ๏ Cͱಉ౳ͷԻ੠ͷௌ͖ͱΓ΍͢͞ͷධՁ͕ಘΒΕ
Δ͜ͱ͕Θ͔ͬͨ. Ұํ, Ի੠ූ߸ԽܗࣜΛ༻͍Δ৔߹Ͱ͸, ఏҊ๏B͕༗༻Ͱ͋Δ.
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XA[i, k] xA[n]ͷ࣌ؒप೾਺ฏ໘্ͷҐஔ (i, k)Ͱͷ, ୹࣌ؒϑʔϦΤม׵஋
XB[i, k] xB[n]ͷ࣌ؒप೾਺ฏ໘্ͷҐஔ (i, k)Ͱͷ, ୹࣌ؒϑʔϦΤม׵஋
Y [i, k] y[n]ͷ࣌ؒप೾਺ฏ໘্ͷҐஔ (i, k)Ͱͷ, ୹࣌ؒϑʔϦΤม׵஋
LA[i, k] XA[i, k]ͷௌײ্ͰͷԻྔ
LB[i, k] XB[i, k]ͷௌײ্ͰͷԻྔ
WA[i, k] XA[i, k]΁ͷήΠϯ܎਺
WB[i, k] XB[i, k]΁ͷήΠϯ܎਺
wmax ࠷େ཈੍ྔ
δ ௌ্֮ͷԻྔ LA[i, k],LB[i, k]ͷԻྔࠩ
MB[i, k] XB[i, k]΁ͷಉظ܎਺
φA[i, k] XA[i, k]ͷҐ૬
φB[i, k] XB[i, k]ͷҐ૬
ATH[k] ࠷খՄௌ஋
SA[i, k] XA[i, k]ͷௌ্֮ͷԻྔ
SB[i, k] XB[i, k]ͷௌ্֮ͷԻྔ
YA[i, k] ήΠϯ܎਺WA[i, k]ద༻ޙͷXA[i, k]
YB[i, k] ήΠϯ܎਺WB[i, k]ద༻ޙͷXB[i, k]
LdB[X, i, k] X[i, k]ͷ dB஋
Ctm[X, i, k] X[i, k]΁ͷ७Ի൑ఆ
CATH[X, i, k] X[i, k]΁ͷ༗Ի൑ఆ







Flim(g, l, u) gΛ্ݶ uͱԼݶ lͷؒͷ஋ʹ੍ݶ͢ΔϦϛοτؔ਺
Lf [X, i, k] ࣌ؒप೾਺දݱͷۙ๣प೾਺ଳͰͷฏۉԽύϫʔ
໨ ࣍ 2
EA[i, k] XA[i, k]ͷεϖΫτϧแབྷ
DG[i, k] ήΠϯૢ࡞࣮ߦ൑ఆ
PA[i, k] XA[i, k]ͷύϫʔ








W SA[i, k] ༏ઌԻXA[i, k]΁ͷࣃࡲԻʹಛԽͨ͠ήΠϯ܎਺
W SB[i, k] ඇ༏ઌԻXB[i, k]΁ͷࣃࡲԻʹಛԽͨ͠ήΠϯ܎਺
WFA [i, k] ༏ઌԻXA[i, k]΁ͷ฼ԻʹಛԽͨ͠ήΠϯ܎਺



















ۙ೥, ԻΛ׆༻ͨ͠ػث͕૿͑ͭͭ͋Δ. ԻΛ׆༻ͨ͠ػثͱͯ͠, ΧʔφϏήʔγϣ
ϯγεςϜ, ܞଳԻָ࠶ੜػ, εϚʔτϑΥϯ, ύʔιφϧίϯϐϡʔλʔ, ςϨϏ, Χ
ϥΦέ, ϫΠϠϨεεϐʔΧʔ [1] ͳͲͷػث͕֘౰͢Δ. ͜ΕΒͷػثͱػثͰ࠶ੜ





Ͱ͋Δ. ͜͜Ͱ, ೋೖྗΛҰग़ྗ΁ͱࠞ߹͢Δ৔߹Λߟ͑Δ. ୯७ͳॲཧ͸, ೖྗ৴߸
ͷ֤αϯϓϧ஋ͷՃࢉΛ, ಉ࣌ࠁͷग़ྗ৴߸ͷαϯϓϧ஋ͱ͢Δ. ͔͠͠, ͜ͷॲཧʹ
ΑͬͯಘΒΕͨग़ྗ৴߸Λௌ͍ͨ࣌, ֤ೖྗ৴߸Λ୯ମͰௌ͍ͨ࣌ʹಘΒΕΔௌײͷશ
ͯΛಘΒΕΔͱ͸ݶΒͳ͍. ͦͷཧ༝ͱͯ͠, ୈҰʹೖྗ৴߸ؒͷׯব, ୈೋʹਓؒͷ
ௌ֮ಛੑ͕ߟ͑ΒΕΔ.
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ද 1.1. ԻΛ׆༻ͨ͠ػثͱ, ͦͷػثͰओʹ࠶ੜ͞ΕΔԻ
छྨ ࠶ੜ͢ΔԻ
ΧʔφϏήʔγϣϯγεςϜ ΧʔεςϨΦ, φϏԻ੠
ܞଳԻָ࠶ੜػ Իָ, ήʔϜ, ΞϥʔϜ
εϚʔτϑΥϯ ௨࿩Ի, ϝʔϧண৴Ի, ήʔϜ, Իָ
ύʔιφϧίϯϐϡʔλʔ ಈը, IPి࿩, ϝʔϧண৴Ի, ֤छΞϥʔτ
ςϨϏ ςϨϏ൪૊, ൪૊ϝλ৘ใ
ΧϥΦέ ൐૗, Վ੠
ϫΠϠϨεεϐʔΧ [1] Իָ, ϓογϡτʔΫ
·ͣ, ೖྗ৴߸ؒͷׯবʹ͍ͭͯड़΂Δ. ֤ೖྗ৴߸͸, ୹࣌ؒʹہࡏ͢Δ୯Ұप೾
਺ͷਖ਼ݭ೾৴߸ͷૉยͷू߹ମͱͯ͠ଊ͑Δ͜ͱ͕Ͱ͖Δ. ਖ਼ݭ೾͸, प೾਺, ৼ෯, Ґ
૬ͷύϥϝʔλ͔ΒͳΔ. ෳ਺ͷਖ਼ݭ೾৴߸ΛՃࢉͨ͠ͱ͖, ৼ෯, Ґ૬͸༷ʑʹมԽ
͢Δ. ͜ͷͨΊ, ֤ೖྗ৴߸୯ମͰ஌֮Ͱ͖ͨԻ͕஌֮Ͱ͖ͳ͘ͳΔ৔߹͕͋Δ.









ݱࡏ, ߴ౓ͳϛΩγϯάΛ࣮ࢪ͍ͯ͠Δయܕྫ͸, Իָ, өըͳͲͷ঎ۀతͳίϯς
ϯπ੍࡞΍, ςϨϏ, ϥδΦͳͲͷ์ૹہͰ͋Δ. ͜ΕΒͷݱ৔Ͱ͸, ݎ࿚ͳ๷Իॲཧ͕
ࢪ͞ΕͨελδΦʹ, ڊେͳϛΩγϯάίϯιʔϧΛ͸͡Ίͱͨ͠ଟछଟ༷ͳԻڹ૷ஔ
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͕͍ͭͯ·ΘΔ. ͞Βʹ͸ϓϥΠϕʔτͰ΋, ݁ࠗࣜ΍஀ੜ೔ͳͲͷػձʹ, ϏσΦϨ
λʔΛ੍࡞͢Δ͜ͱ͕੝ΜʹͳΓͭͭ͋Δ.


























ϛΩγϯάͷैདྷݚڀ͸, େ͖͘ 3ͭͷΞϓϩʔνʹ෼ྨͰ͖Δ. ୈҰʹ, ύϥϝʔ
λͷࣗಈௐ੔Ͱ͋Δ. ୈೋʹ, ௌײಛੑʹண໨ͨ͠ςϨϏԻ੠ͷϛΩγϯάͰ͋Δ. ୈ
ࡾʹ, Ծ૝ۭؒͷϞσϦϯάʹ͓͚Δௌײಛੑʹண໨ͨ͠ϨϯμϦϯάͰ͋Δ.







ϓϨʔτ, ΠΪϦεͷΫΠʔϯϝϦʔେֶͷ PerezʖGonzalez Β [3]ʹΑΔAM-DAFx
͕ڍ͛ΒΕΔ. ͜͜Ͱ, ࣗಈௐ੔ͷର৅ͱ͢ΔҰൠతͳύϥϝʔλͱ͸, Իྔ, ࠨӈͷԻ
ྔࠩ, ύϥϝτϦοΫΠίϥΠβͷத৺प೾਺, Q ஋Ͱ͋Δ.
ϛοΫεμ΢ϯσβΠϯςϯϓϨʔτ [2]͸, ϓϩ੍͕࡞ͨ͠ϛΩγϯάͷઃఆΛ, ָ
ۂͷδϟϯϧผʹςϯϓϨʔτԽ͢Δख๏Ͱ͋Δ. Ϣʔβ͸, ੍࡞͢Δָۂͷ໨ࢦ͢
δϟϯϧʹ߹Θͤͯ, ςϯϓϨʔτΛબ୒͠ద༻͢Δ.
͜ͷख๏ͷओ؟͸, ϊ΢ϋ΢ͷ஝ੵͱ࠶ར༻ʹ͋Δ. ·ͣ, ϛοΫεμ΢ϯσβΠϯ
ͱ͸, ϛΩγϯάΤϯδχΞ͕ϛΩγϯά࡞ۀ࣌ʹઃఆ͢Δ, ΤϑΣΫτॲཧͷॱংͱ
ύϥϝʔλ, ֤τϥοΫσʔλͷϘϦϡʔϜόϥϯε, ύϯχϯάͳͲͷઃఆ৘ใͰ͋




ͱ͍ͯ͠Δ. ςϯϓϨʔτԽ͢Δ͜ͱͰ, ϓϩϑΣογϣφϧͷϊ΢ϋ΢Λ஝ੵ͠, ࠶
ར༻͢Δ͜ͱ͕Ͱ͖Δ. ͜ͷͨΊ, ੍࡞࣌ؒͷ୹ॖʹͭͳ͕Γ, ࡞඼ͷੜ࢈ੑʹد༩Ͱ
͖Δͱ͍ͯ͠Δ.
AM-DAFX(automatic-mixing degital eﬀect tools)[3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15]͸, ύϥϝʔλΛదԠతΞϧΰϦζϜͰࣗಈௐ੔͢Δ΋ͷͰ͋Δ. ௨ৗͷϦΞϧ
λΠϜͰͷϛΩγϯάͰ͸, ϛΩγϯάΤϯδχΞ͕ॲཧ݁ՌΛϞχλϦϯά͢Δ͜ͱ






୅දతͳݚڀͱͯ͠, ૣҴాେֶͷࢁ࡚Β [16, 17]ʹΑΔݚڀͱ, NHK ٕݚͷখ৿Β
[18]ʹΑΔݚڀ͕ڍ͛ΒΕΔ.
܀ాΒ [16]͸, ۙ೥ͷߴྸԽ΍ੜ׆༷ࣜͷଟ༷Խʹண໨͠, ଟ༷ͳडௌ؀ڥΛߟྀ͠
ͨςϨϏԻ੠ͷϛΩγϯάʹ͍ͭͯݚڀ, ௐࠪΛߦ͍ͬͯΔ. ͜ͷݚڀͰ͸, ඃݧऀ͕ࣗ
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ΒφϨʔγϣϯͱBGMͱͷԻྔόϥϯεΛૢ࡞Ͱ͖Δ͜ͱʹ޷ײΛ࣋ͭͱ͍ͯ͠Δ.














͜͜ͰͷԾ૝ۭؒͱ͸, ྫ͑͹ઓಆήʔϜͷઓ৔Ͱ͋Δ. ઓಆήʔϜͰ͸, ઓಆҙཉ
ΛߴΊΔ߽ᇋͳ BGM, ༐·͍͠੠༏ͷԻ੠ʹՃ͑ͯ, ࢛ํീํʹඈͼަ͏ॐ஄ͷඈߦ
Ի, ॐ੠, ౖ੠, ൵໐ͳͲͷଟछଟ༷ͳޮՌԻΛϛΩγϯά͢Δඞཁ͕͋Δ. ͔͠΋, ஗
ԆΛ࠷খݶʹ཈͑ΒΕͳ͚Ε͹, ήʔϜͷૢ࡞ײ͕ଛͳΘΕͯ͠·͏. ޮ཰ྑ͘਺ଟ͘
ͷԻ৴߸ΛϦΞϧλΠϜͰॲཧ͢Δඞཁ͕͋Δ.
୅දతͳݚڀͱͯ͠, ϑϥϯεͷ INRIAͷTsingosΒ [19, 20, 21, 22]ʹΑΔ scalable
perceptual mixing, ΪϦγϟͷUniversity of PatrasͷTsilfidisΒ [23]ʹΑΔ hierarchi-
cal perceptual mixing, ϙʔϥϯυͷ AGH University of Science and Technologyͷ
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·ͣ, ୈ 2ষͰԻ੍ָ࡞ͰͷϛΩγϯάॲཧʹ͍ͭͯड़΂Δ.
࣍ʹ, ୈ 3ষͰεϚʔτϛΩαʔʹ͍ͭͯड़΂Δ.





଄ͷεϖΫτϧભҠύλʔϯΛڧௐ͢Δͷ͕ޮՌతͰ͋ͬͨ. ͜ͷ஌ݟΛݩʹ, ୈ 4.2
અͰௌ֮৺ཧϞσϧʹج͍ͮͨख๏Λݕ౼͢Δ. ௐ೾ߏ଄ͷεϖΫτϧભҠύλʔϯ
Λগͳ͍ύϥϝʔλͰଊ͑Δ໨తͰ, ௌ֮৺ཧϞσϧͷಋೖΛݕ౼ͨ͠. ·ͣ, ৼ෯ॲ
ཧͱҐ૬ॲཧʹ͍ͭͯͦΕͧΕݕ౼͠, ଓ͍ͯ࿈ܞ๏Λݕ౼ͨ͠. ݕ౼ͷ݁Ռ, Ի੠ͷ

























ϛΩγϯά (mixing)ͱಉٛͷ༻ޠʹ͸, ϛΫγϯά (mixing), ϛοΫε (mix), ϛο
Ϋεμ΢ϯ (mix down), τϥοΫμ΢ϯ (truck down, TD)[31]͕ڍ͛ΒΕΔ. ϑΟϧϜ
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׉ר [33]͸, ·ͣԻָ੡࡞ͷ࡞ۀʹ͍ͭͯϨίʔσΟϯά, ϛΩγϯά, ϚελϦϯ





ࢁ಺ [35]͸, ԻָͰͷϛΩγϯάͷ໨తͱͯ͠, 2 ͭڍ͍͛ͯΔ. ୈҰʹ, ָۂʹͱͬ
ͯओ໾͸Կ͔Λ͸͖ͬΓͤ͞Δ͜ͱ. ୈೋʹ, ϚεΩϯάΛճආ͍ͯ͘͜͠ͱͰ͋Δ.




Ҏ্ͷهड़͔Β, ຊߘͰ͸ϛΩγϯάͷ໾ׂΛ, ࣍ͷ̏఺ͱ͢Δ. ୈҰʹ, ೚ҙͷνϟ




[35]͸, ओ໾Λ͸͖ͬΓͤ͞Δ͜ͱ͕ϛΩγϯάͷ໨తͰ͋Δͱ͍ͯ͠Δ. Ճ͑ͯ, ओ
໾Λ͸͖ͬΓͤ͞ΔͨΊʹ͸, ϚεΩϯάΛղফ͢Δඞཁ͕͋Δͱ͍ͯ͠Δ.
ϚεΩϯάͱ͸ௌײಛੑͷҰछͰ, ͋Δप೾਺ͷ੒෼͕, ࣌ؒํ޲, प೾਺ํ޲ʹ͋
Δ͍ۙ੒෼Λௌ͑͜ͳͯ͘͠͠·͏ݱ৅ [36]Λࢦ͢. ϚεΩϯάʹ͸, प೾਺ํ޲ͷಉ











ͳͲͱ͸ର਺ؔ܎ʹ͋Δ [36]. ͜ΕΛ, ΢ΣʔόʔɾϑΣώφʔͷ๏ଇͱ͍͏.
ਓؒͷௌ֮ͷײ౓͸प೾਺ଳҬ͝ͱʹҟͳ͍ͬͯΔ. ͜ͷͨΊ, ಉ͡ΤωϧΪʔͷҟ
ͳΔप೾਺ͷ৴߸Λௌ͍ͯ΋ಉ͡େ͖͞ʹ͸ௌ͑͜ͳ͍. ͦ͜Ͱ, प೾਺͝ͱʹಉ͡େ
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ද 2.1. νϟϯωϧετϦοϓʹ౥ࡌ͞ΕΔඪ४తͳॲཧ
ௐ੔͢Δཁૉ ॲཧ ಛ௃
Իྔ ϑΣʔμʔ −∞ ∼ +12 dBͷϨϯδΛ࣋ͭ






ݱ৅ΛϚεΩϯάͱݴ͏ [36]. ϚεΩϯάʹ͸, प೾਺ํ޲ͷಉ࣌ϚεΩϯάͱ࣌ؒํ
޲ͷܧ࣌ϚεΩϯάͱ͕͋Δ. ܧ࣌ϚεΩϯάͷޮՌ͸, 100 ms ఔ౓ͷؒ͸ଓ͘ [38]
ͱ͞Ε͍ͯΔ.
ϚεΩϯάʹ͍ͭͯ, ϛΩγϯάͷϓϩϑΣογϣφϧͷؒͰ͸, ϞϊϥϧͰͷϛΩ
γϯάͷͱ͖, ϚεΩϯάͷӨڹ͕΋ͬͱ΋ݦஶͱͳΔ [34]͜ͱ͕஌ΒΕ͍ͯΔ. ͜Ε
Λ center masking ͱݺͿ. center maskingʹ͍ͭͯ, McQueen, Terhune(2011)[39]͸,
೴ͰͷॲཧͰ͸ͳ͘ௌײಛੑʹΑΔ΋ͷͱͯ͠ใࠂ͍ͯ͠Δ.
2.3.2 Α͍ϛΩγϯάͱ͸




͜ΕΒͷهड़ΑΓຊߘͰ͸, Իྔͷόϥϯε, ఆҐͷόϥϯε, Ի৭ͷόϥϯεͷ̏
఺ΛϛΩγϯάͷϙΠϯτͱ͢Δ. ୈ 2.4અͰ͸, ͜ͷ̏఺ʹ͍ͭͯ୅දతͳϛΩγϯ
άͷॲཧΛ঺հ͢Δ.
2.3.3 νϟϯωϧετϦοϓ
ϛΩγϯάͷϙΠϯτͰ͋Δ, Իྔ, Ի৭, ఆҐͷόϥϯεʹ͍ͭͯ, ৴߸ܥ౷͝ͱʹ
؆қͳॲཧΛҰଗ͑ʹͨ͠΋ͷΛνϟϯωϧετϦοϓ [37]ͱ͍͏. νϟϯωϧετ
Ϧοϓ͸ 1970೥୅ޙ൒͝Ζʹొ৔͠, ϛΩαʔͷجຊͷߏ੒ཁૉͰ͋Δ.




















Ͱ͋Δ. Ұํ, σʔλ্ͷԻྔ͸૬ର஋Ͱ͋Δ. σʔλܗࣜͰͷμΠφϛοΫϨϯδʹ
͓͍ͯ, ͳʹ͔͠Βͷج४஋ͱͷ૬ର஋Ͱ͔͠ͳ͍. ͜ͷج४஋͸, ࠶ੜػث, ࠶ੜ؀
ڥ, ௌऔঢ়گ, ௌऔऀͳͲͷཁૉ͕૯߹͞Εܾͯ·Δ.
2.3.4.2 ෺ཧྔͱ৺ཧྔ ෺ཧྔͱ৺ཧྔͱͯ͠ͷԻྔ͸, ۠ผ͕ඞཁͰ͋Δ. ৺ཧྔͱ
ͯ͠ͷԻྔ͸, प೾਺ಛੑ͕͋Δ.
·ͣ, ਓؒͷௌײ͸, ৺ཧྔͰ͋Δ. ৺ཧྔ͸Ұൠతʹ, ෺ཧྔͰ͋Δৼ෯΍Τωϧ
ΪʔͳͲͱ͸, ର਺ؔ܎ʹ͋Δ [36]. ͜ΕΛ, ΢ΣʔόʔɾϑΣώφʔͷ๏ଇͱ͍͏,
ਓؒͷௌ֮ͷײ౓͸, प೾਺ଳҬ͝ͱʹҟͳ͍ͬͯΔ. ͜ͷͨΊ, ಉ͡ΤωϧΪʔͷ
ҟͳΔप೾਺ͷ৴߸Λௌ͍ͯ΋, ಉ͡େ͖͞ʹ͸ௌ͑͜ͳ͍. ͦ͜Ͱ, प೾਺͝ͱʹಉ
͡େ͖͞Ͱௌ͑͜ΔΤωϧΪʔʹ͍ͭͯ·ͱΊͨௌײۂઢ͕, ౳ϥ΢υωεۂઢͰ͋
Δ. ؔ࿈ͯ͠, ਓ͕ؒ஌֮Ͱ͖Δ࠷௿ͷϨϕϧΛ࠷খՄௌ஋ͱ͍͏. ٯʹ, Ϩϕϧ͕େ
͖͗͢ΔͨΊਓ͕ؒ௧ΈΛײ࢝͡ΊΔϨϕϧΛ௧֮ᮢ஋ [37]ͱ͍͏.
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࣮ۭؒͰͷ৺ཧతͳԻྔͷ஋ͱͯ͠, ૽Իʹ͍ͭͯͷݕ౼͕ओମͰ͋Δ. Aಛੑ, B




ද 2.2ʹ, VU(volume unit)ϝʔλͱ PP(peak program)ϝʔλͷ୅දతͳن֨ͷ࢓
༷Λه͢. VUϝʔλͷԠ౴଎౓͸ 300 msͰ͋Δ. Ұํ, πϏεϩοΩ͸ௌ֮ͷ࣌ఆ਺
Λ 200 msͱਪఆ͍ͯ͠Δ [40]. PPUϝʔλͰͷԠ౴଎౓͸ 2छଘࡏ͠, 5 msͱ 10 ms
ͱ͕͋Δ.
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2.3.4.4 ϥ΢υωεϝʔλ EBU Mode
VU/PPϝʔλʹ୅ΘΔԻྔͷϝʔλͱͯ͠, LUϝʔλ (ϥ΢υωεϝʔλ)͕ఏҊ
͞Ε͍ͯΔ. LUϝʔλͷ୅ද͕, EBU͕ఏҊ͢ΔEBU Mode(ද 2.3)[43]Ͱ͋Δ. ैདྷ
ͷ PPϝʔλʹରԠ͢Δͷ͕, Momentary LoudnessͰ͋Δ. ैདྷͷVUϝʔλʹରԠ
͢Δͷ͕, Short-term LoudnessͰ͋Δ.
͞ΒʹEBU͸͜ΕΒʹՃ͑ͯ, Maximum True Peak LevelΛఏҊ͍ͯ͠Δ. ͜ΕΒ
ͷ஋ͷࢉग़͸σδλϧ৴߸ʹ͍ͭͯߦ͏. ࢉग़͢Δ৴߸ΛΞφϩά৴߸ͱͨ͠ͱ͖ͷ
ϐʔΫϨϕϧΛਪఆ͢Δن͕֨, Maximum True Peak LevelͰ͋Δ.
EBU Mode͸, ࠃ಺Ͱ͸ARIB TR-B32[44]ͱͯ͠نఆ͞Ε͍ͯΔ. ࢉग़๏͸, ҎԼ
ͷ 4ཁૉ͔ΒͳΔ.






ࢉग़๏͸, αϯϓϦϯάϨʔτΛ 48 kHzͱͯ͠نఆ͞Ε͍ͯΔ.
KಛੑϑΟϧλʹ͍ͭͯड़΂Δ. KಛੑϑΟϧλ͸, 2ஈͷ 2࣍ IIRϑΟϧλ͔Βͳ
Δ. ͜͜Ͱ 2࣍ IIRϑΟϧλH[z]Λ, ࣜ (2.1)ͱ͢Δ.
H[z] =
b0 + b1z−1 + b2z−2
a0 + a1z−1 + a2z−2
(2.1)
1ஈ໨͸಄෦ͷӨڹʹΑΔप೾਺ಛੑͰ͋Δ. ಄෦ܗঢ়Λߗ࣭ٿମʹஔ͖׵͑ͯͷಛ
ੑΛ໛ٖ͢Δ. ܎਺Λ, ද 2.4ʹࣔ͢. 2ஈ໨͸RLBಛੑ (मਖ਼Bಛੑ)ͷϋΠύεϑΟ
ϧλͰ͋Δ. ૽ԻଌఆͷBಛੑΛݩʹ͍ͯ͠Δ. ܎਺Λ, ද 2.5ʹࣔ͢.
ද 2.3. EBU Mode ([43]Λࢀߟʹචऀ͕ཁ໿)
໊শ ུশ ࢉग़๏ ੵ෼۠ؒ ߋ৽ִؒ
Momentary Loudness M ۣܗ૭ 400 ms -
Short-term Loudness S ۣܗ૭ 3 s ࠷௿ 10 Hz
Integrated Loudness I ITU-R BS.1770 “start”͔Β “stop” ·Ͱ ࠷௿ 1 Hz
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ද 2.4. KಛੑϑΟϧλ ୈ 1ஈ໨ͷ܎਺ [44]ΑΓ
- - b0 1.53512485958697
a1 −1.69065929318241 b1 −2.69169618940638
a2 0.73248077421585 b2 1.19839281085285
ද 2.5. KಛੑϑΟϧλ ୈ 2ஈ໨ͷ܎਺ [44]ΑΓ
- - b0 1.0
a1 −1.99004745483398 b1 −2.0






Խ͞Ε͍ͯΔ. 4 kHzʹ, ಛ௃తͳΑ͘ฉ͑͜Δप೾਺ଳҬ͕ଘࡏ͢Δ͜ͱ͕ࣔ͞Εͯ
͍Δ.
IS0226:2003ͱͯ͠, 2003೥ʹ৽ن੍͕֨ఆ͞Εͨ. લن֨ͷ੍ఆޙͷ࣮ݧ͔Β, ޡ






ߐՆ [30]͸, ఆҐͷόϥϯεʹ͍̫ͭͯࣈ഑ஔΛקΊ͍ͯΔ. ·ͣ, Իͷಛੑͱͯ͠




Izhaki[34]͸ center maskingͷಛ௃Λ༻͍ͯ, ϚεΩϯάͷӨڹΛ֬ೝ͢Δͱड़΂ͯ
͍Δ. ϓϩϑΣογϣφϧ͸ޮ཰Α͘ϚεΩϯάͷӨڹΛ֬ೝ͢ΔͨΊʹ, εςϨΦͰ
ͷϛΩγϯάͷ࡞ۀதͰ͋ͬͯ΋, ϞϊϥϧͰͷϛΩγϯά΋ಉ࣌ʹ༻ҙ͢Δ.





ͯߦ͏. ϛΩγϯάͷॲཧͷଟ͘͸, Իʹ༷ʑͳޮՌ (ΤϑΣΫτ)Λ༩͑Δͱ͍͏ҙຯ
Ͱ, ΤϑΣΫλʔ (Eﬀecter, Eﬀector, Eﬀects unit)ͱݺ͹ΕΔ [37]. ௨ৗ, Faderͱ Pan
pot͸, ΤϑΣΫλʔʹ͸ؚ·ͳ͍͕, ຊ࿦จͰ͸͢΂ͯॲཧͱͯ͠·ͱΊͯهड़͢Δ.
ΤϑΣΫλʔ͸, ৴߸ͷৼ෯ॲཧ, ৴߸ͷप೾਺ॲཧ, ৴߸ͷ࣌ؒతॲཧͷ̏ܥ౷ʹ
෼ྨ͢Δ͜ͱ͕Ͱ͖Δ [37].
2.3અͰड़΂ͨϛΩγϯάͷϙΠϯτͱ, ओʹؔ࿈͢ΔॲཧΛ, ද 2.6ʹ·ͱΊΔ.
ද 2.6. ϛΩγϯάͷϙΠϯτʹ, ओʹؔ࿈͢Δॲཧ
ϛΩγϯάͷϙΠϯτ ؔ࿈͢Δॲཧ
Իྔͷόϥϯε Fader, ৴߸ͷৼ෯ॲཧ
ఆҐͷόϥϯε Pan pot, ৴߸ͷ࣌ؒతॲཧ
Ի৭ͷόϥϯε ৴߸ͷप೾਺ॲཧ
2.4.1.1 Fader
Fader(ϑΣʔμʔ)͸, ૬ରతͳήΠϯ΍ԻྔΛઃఆ, ௐ੔͢ΔػೳͰ͋Δ. Ϩϕϧί
ϯτϩʔϧ, ϙςϯγϣϝʔλʔ, ήΠϯίϯτϩʔϧͱ΋ݴΘΕΔ [32].
ϛΩγϯάʹ͓͍ͯ, ֤ૉࡐΛ࠷దͳϨϕϧͱ͢Δ͜ͱ͸, ࠷΋ॏཁͳཁૉͰ͋Δ
[30, 32]. ͜ͷॏཁͳ໾ׂΛओʹ୲͏ͷ͕, ϑΣʔμʔͰ͋Δ.
2.4.1.2 Pan pot
Pan pot(ύϯϙοτ)͸, Panoramic PotentiometerͷུޠͰ͋Δ [34, 37]. Panning(ύ
ϯχϯά)ͱ΋ݺ͹ΕΔ.
εςϨΦͷ̎νϟϯωϧʹ, Իྔࠩͷ͋ΔಉҰ৴߸Λྲྀ͢͜ͱͰ, ̎ͭͷεϐʔΧ্
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Input (dB)
0 +20
ਤ 2.2. ୅දతͳඇઢܗॲཧͷಛੑ. [34]ʹܝࡌͷෳ਺ͷਤΛ΋ͱʹ, චऀ͕࠶ඳը
͜ΕΒͷॲཧʹ͸, ࣌ؒํ޲ͷύϥϝʔλ΋༻ҙ͞Ε͍ͯΔ͜ͱ͕ଟ͍. Attack(Ξ
λοΫɾλΠϜ)ͱ, Release(ϦϦʔεɾλΠϜ)͕୅දతͰ͋Δ. લऀ͕, ೖྗ৴߸ͷ
Ϩϕϧ͕ᮢ஋Λ্ճ͔ͬͯΒ, ॲཧ͕͔͔Γ͸͡ΊΔ࣌ؒ. ޙऀ͕, ೖྗ৴߸ͷϨϕϧ
͕ᮢ஋ΛԼճ͔ͬͯΒ, ॲཧ͕͔͔Γ͓ΘΔ࣌ؒͰ͋Δ [32].
ඇઢܗॲཧͷಛผͳ࢖༻๏ͱͯ͠, side-chain(αΠυνΣΠϯ)Λ༻͍ͨ΋ͷ͕͋͛
ΒΕΔ. αΠυνΣΠϯ͸, ผͷԻ৴߸ͷԻྔΛ༻͍ͯ, ඇઢܗॲཧΛۦಈͤ͞Δͱ͍
͏΋ͷͰ͋Δ. αΠυνΣΠϯ͸, Key-inͱ͍͏໊Ͱ΋༻͍ΒΕΔ.
ৼ෯ॲཧΛ࢖༻͢Δ্Ͱͷ೉఺͸, ۦಈ͢Δप೾਺͕ಛఆ͞Εͳ͍఺Ͱ͋Δ. ͜ͷ೉










Ͱ͋Δ [33]. ίϯϓϨοαʔͱͷҧ͍͸, ᮢ஋Λ௒͑ͨೖྗʹର͢Δग़ྗͱͷѹॖൺʹ
ୈ 2 ষ Ի৴߸ͷϛΩγϯάॲཧ 20
͋Δ. Ұൠతʹ, ͜ͷѹॖൺ (ᮢ஋Λ௒͑ͨೖྗͷԻྔ: ग़ྗͷԻྔ)͕ 10: 1ҎԼΛί
ϯϓϨοαʔͱ͍͍, 8 : 1ʙ∞ : 1Λ, Ϧϛολʔ [33, 37]ͱ͍͏.
ओͳ࢖༻໨త͸, ػࡐͷอޢͰ͋Δ. ϐʔΫ੒෼ΛϦϛοτ (੍ݶ)͢Δ͜ͱͰ, ޙஈ
ͷϨίʔμʔ΍εϐʔΧʔͳͲͷػࡐʹ, աେͳԻ৴߸͕ೖྗ͞ΕΔͷΛ๷͙ [33].
2.4.2.3 Expander
Expander(ΤΩεύϯμ)͸, μΠφϛοΫϨϯδΛ৳௕͢Δ [37]ॲཧͰ͋Δ. ίϯϓ
Ϩοαʔͱ͸ٯͷಈ࡞ͱͳΔ.
ᮢ஋ҎԼͷೖྗ৴߸ʹର͠, ग़ྗΛখ͘͞ͳΔΑ͏ʹۦಈ͢Δ. ͜ΕʹΑΓ, Իͷཱ
্͕ͪΓΛӶ͘͠, ϝϦϋϦͷ͋ΔԻʹมԽͤ͞Δ͜ͱ͕Ͱ͖Δ [32].
2.4.2.4 Gate
Gate(ήʔτ)͸, ExpanderͷԠ༻ [37]Ͱ, ᮢ஋ҎԼͷϨϕϧͷ৴߸ΛΧοτ͢Δ. ແ





Ducker(μοΧʔ)͸, ࢲͨͪʹͱͬͯ, Ұൠతͳ์ૹͰͷॲཧͱͯ͠, ࠷΋਎ۙͳඇ
ઢܗॲཧͰ͋Δ. ྫ͑͹, DJ͕࿩͍ͯ͠Δ࣌ͷ, BGMͷ཈੍ʹ༻͍Δ [34].
μοΧʔͰ͸, αΠυνΣΠϯΛ༻͍ͯͷ࢖༻͕ҰൠతͰ͋Δ. αΠυνΣΠϯͷ৴
߸͕ᮢ஋Ҏ্ͷͱ͖, ೖྗ৴߸Λ཈੍͢Δ.
2.4.2.6 Multi Band Compressor
Multi Band Compressor(ϚϧνόϯυίϯϓϨοα)ʔͰ͸, ·ͣೖྗ৴߸Λෳ਺ͷ
प೾਺ଳҬʹ෼͚, ͦΕͧΕͷଳҬʹ͍ͭͯಠཱʹඇઢܗॲཧΛߦ͏΋ͷͰ͋Δ. ෼ׂ





DeEsser(σΟΤοαʔ, De-essing)͸, LimiterͷҰछͰ, Ի੠ͷࢠԻΛ௿ݮ͢Δ໨త
Ͱ࢖༻͞ΕΔ [32]. ࢠԻʹ͸ߴҬ੒෼͕ଟؚ͘·ΕΔ. ͦ͜Ͱ, ೖྗ৴߸ͷߴҬ੒෼͕
ଟ͘ͳͬͨͱ͖, ίϯϓϨοαʔ͕ಈ࡞͢Δ͜ͱͰ, Ի੠Λฉ͖΍͘͢͢Δ [37]. σΟ
Τοα͸, μΠφϛοΫɾγϏϥϯεɾίϯτϩʔϥͱ΋ݺͿ [37].




ΛੜΈग़͢ [37]. Exciter͸, ϋʔϞχΫεܥ, ഒԻܥͷΤϑΣΫτͱ΋෼ྨ͞ΕΔ [33].




͸, Իྔ͕খ͘͞ฉ͑͜Δ. ͜ͷͨΊ, ԻྔΛ૿෯͢ΔͱμΠφϛοΫϨϯδͷ؍఺Ͱ
೉͕͋Δ. ߴ͍प೾਺ଳҬͰԻྔ૿෯෼Λ୅ସͰ͖Δ͜ͱ͸, ݶΒΕͨμΠφϛοΫϨ
ϯδͷதͰௐ੔Λߦ͏্Ͱ, ڧྗͳπʔϧͰ͋Δ. ͜Ε͸, ϛογϯάϑΝϯμϝϯλ






Equalizer(EQ, ΠίϥΠβʔ)͸, ϩʔύεϑΟϧλ, ϋΠύεϑΟϧλ, όϯυύε
ϑΟϧλͷෳ߹ମͰ͋Δ.
EqualizerΛ༻͍ͨϨίʔσΟϯάͷྲྀΕΛ঺հ͢Δ. ॲཧ͸ೋͭͷ޻ఔͰߦΘΕΔ.
·ָͣۂશମʹ͍ͭͯ, ͓͓·͔ʹ ָ֤ثͷόϥϯεΛ੔͑Δ. ͜ͷͱ͖ʹॏཁʹͳ
Δͷ͕, प೾਺ྖҬͷ෼཭Ͱ͋Δ. ͨͱ͑͹, ελδΦٕज़ऀ༻ʹॻ͔Εͨઐ໳ॻ [34]
Ͱ͸, ਤ 2.3ͷΑ͏ʹप೾਺ྖҬΛ෼ׂͯ͠ߟ͑Δ͜ͱ͕঑ΊΒΕ͍ͯΔ. ͜Εʹ४ͣ
ΔΑ͏ʹ֤ྖҬຖʹओ໾ͱͳΔָثΛܾఆ͠, ͦΕҎ֎ͷύʔτʹ͸ԕྀͯ͠΋Β͏Α
͏ʹΠίϥΠβʔʹΑΔௐ੔͕ߦΘΕΔ. ਤ 2.4͕, όευϥϜͱϕʔεͦΕͧΕʹ͔
͚ΔΠίϥΠβʔͷઃఆྫͰ͋Δ. ͦΕͧΕͷϑΟϧλʔͷಛੑ͕, ޓ͍ҧ͍ʹͳͬͯ
͍Δ͜ͱ͕ΈͯͱΕΔ.
ਤ 2.4ͷΑ͏ʹ, ෳ਺ͷԻͷ૊Έ߹ΘͤͷதͰ, प೾਺͝ͱʹ཈੍ͱڧௐΛߦ͏Πί
ϥΠθʔγϣϯΛ, Mirrored equalization[34]ͱݺͿ.
ઢܗॲཧͷ໰୊఺͸, ԻྔʹΑͬͯޮՌ͕มԽ͢Δ఺ʹ͋Δ. ͜Ε͸, ਓؒͷௌ֮ͷ
ײ౓͕प೾਺ʹΑͬͯҟͳΔ [36]͜ͱʹΑΔ. ͦ͜Ͱָۂͷ֤ॴ͝ͱʹύϥϝʔλΛ
࣌มͱ͠, ඍௐ੔Λߦ͏.
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ਤ 2.3. प೾਺ྖҬͰͷָثͷৼΓ෼͚ͷྫ. (a)ɿόϥϯεͷѱ͍ৼΓ෼͚ͷྫ. (b)ɿόϥϯ
εͷͱΕͨৼΓ෼͚ͷྫ. (c)ɿ࣮ࡍͷָثͷप೾਺ͷ෼෍. [34]ʹܝࡌͷਤΛචऀ͕࠶ඳը
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ਤ 2.4. ΠίϥΠβʔͷઃఆྫ. σδλϧϑΟϧλͷप೾਺ಛੑ. [48]ʹܝࡌͷਤΛࢀߟʹ, ච
ऀ͕࠶ඳը
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2.4.4 ৴߸ͷ࣌ؒతॲཧ
৴߸ͷ࣌ؒతॲཧ͸, ۭؒܥΤϑΣΫτ [33]ͱ΋ݺ͹ΕΔ. ͦͷ୅ද֨͸Delay(σΟ
ϨΠ)ͱReverb(Ϧόʔϒ)Ͱ͋Δ. ͲͪΒ΋࢒ڹͰ͋Δ͜ͱ͔Β, ϓϩϑΣογϣφϧ
ͷݱ৔Ͱ͸, ·ͱΊͯEcho(Τίʔ)ͱݺͿ͜ͱ͕ଟ͍ [49]. α΢ϯυϨίʔσΟϯάٕ
ज़֓࿦ [37]Ͱ͸, ࢁͼ͜ޮՌͷ͜ͱΛσΟϨΠͱݺͼ, ෩࿊৔΍τϯωϧ, ಎ۸ͳͲͰ
ௌ͔ΕΔΑ͏ͳ༨ӆΛϦόʔϒͱݺͿͱ͍ͯ͠Δ.
σΟϨΠΛԠ༻ͨ͠, ϞδϡϨʔγϣϯܥΤϑΣΫτͱݺ͹ΕΔΤϑΣΫτ͕ଘࡏ͢
Δ. ίʔϥε, ϑϥϯδϟʔ, ϑΣʔβʔͰ͋Δ.









ද 2.7. ݺͼ໊ͱ, ೖྗ৴߸ʹର͢Δ஗Ԇྔͷؔ܎. [33]ʹهࡌͷ஋Λ·ͱΊͨ
ݺͼ໊ ஗Ԇྔ
γϣʔτɾσΟϨΠ 20 ∼ 50 msec
ϛσΟΞϜɾσΟϨΠ 200 ∼ 350 msec
ϩϯάɾσΟϨΠ 400 ∼ 500 msecҎ্
ςϯϙɾσΟϨΠ ࢛෼Իූ 1ͭ
γϣʔτɾσΟϨΠ͸, ೖྗ৴߸ʹର͠؆қμϒϦϯά [33, 50]ͱͯ͠༻͍ΒΕΔ. μ






Reverb(Ϧόʔϒ, Reverberation[37])͸, σΟϨΠͷԠ༻ [33]Ͱ, पظԻ΍Ϩϕϧ, प
೾਺ಛੑͳͲ͕ҟͳΔσΟϨΠͷग़ྗΛ, ߴີ౓ʹू߹ [49]ͨ͠΋ͷͰ͋Δ. Ϧόʔϒ
͸, ࣗવͷ࢒ڹΛγϛϡϨʔτ͍ͯ͠Δ΋ͷ͕ओͰ͋Δ [49].
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Ϧόʔϒͷॲཧͱͯ͠, 3छͷํ๏͕͋Δ. ୈҰʹ, ࣮ࡍͷۭؒΛ୅ସͱͯ͠༻͍Δ
ํ๏Ͱ͋Δ. εϐʔΧʹΑۭͬͯؒʹ์ࣹ͠࠶ͼϚΠΫͰूԻ͢Δ. ์ࣹ͢Δۭؒͱ͠
ͯ, ۚଐ൘΍ۚଐόω΋༻͍Δ. ۚଐΛ༻͍Δ͜ͱͰ, ΑΓলεϖʔεͰෳࡶͳ൓ࣹΛ
ಘΔૂ͍Ͱ͋Δ. ಛผʹ, ۚଐ൛Λ༻͍ͨ΋ͷΛϓϨʔτϦόʔϒͱ͍͍, ۚଐόωΛ
༻͍ͨ΋ͷΛεϓϦϯάϦόʔϒͱ͍͏. ୈೋʹ, ॴ๬ͷۭؒͷΠϯύϧεԠ౴ͷ৞Έ
ࠐΈͰ͋Δ. αϯϓϦϯάϦόʔϒ, IRϦόʔϒͱݺͿ. ৞ΈࠐΈԋࢉͰ͋ΔͨΊ, ܭ
ࢉྔͷେ͖͕͞໰୊఺Ͱ͋Δ. ୈࡾʹ, Schroeder Reverb[40, 51]Ͱ͋Δ. ෳ਺ͷσΟϨ
ΠΛ௚ྻ͓Αͼฒྻʹ૊Έ߹ΘͤΔ͜ͱͰ, ॴ๬ͷΠϯύϧεԠ౴Λۙࣅ͢Δ.
Ϧόʔϒ͸, ҟͳΔछྨͷϦόʔϒΛෳ਺૊Έ߹Θͤͯ༻͍Δͷ͕ҰൠతͰ͋Δ [33,
52]. ୯ମͰ͸, ΤϑΣΫτͷบ΍඼࣭ͷѱ͕͞஌֮͞ΕΔ͜ͱ͕͋Δ. ૊Έ߹Θͤͯ༻
͍Δ͜ͱͰ, ͦΕΒ͕ޓ͍ʹࠞ͟Γ߹͍, ѱ͕͞ӅΕ, ෳࡶͰ্࣭ͳ࢒ڹײ͕ಘΒΕΔ.
2.4.4.3 Phaser
Phaser(ϑΣʔβ, phase shifter[37])͸, ਓ޻తʹҐ૬ΛมԽͤͨ͞ԻΛݪԻͱࠞͥΔ
͜ͱʹΑͬͯ, ௚઀Իͱؒ઀ԻͱͷׯবΛ໛ٖ͠, α΢ϯυʹਂΈΛՃ͑Δ [37]΋ͷͰ
͋Δ.
2.4.4.4 Flanger, Chorus
Flanger(ϑϥϯδϟʔ), Chorus(ίʔϥε)͸, γϣʔτσΟϨΠΛԠ༻ͨ͠ [33]Τ
ϑΣΫτͰ͋Δ. ೖྗԻΛ஗Ԇ࣌ؒΛ࣌มͱͯ͠ݪԻʹՃࢉ͢Δ. ୅දతͳޮՌͱ͠
ͯ, δΣοτػͷ্ঢԼ߱ԻͷΑ͏ͳڹ͖ [37]Λ࡞Γग़ͤΔ. ͦͷޮՌ͔Β, ϞδϡϨʔ
γϣϯܥΤϑΣΫτͱ΋, ۭؒܥΤϑΣΫτͱ΋ݺ͹ΕΔ.
ϑϥϯδϟʔͱίʔϥεͷҧ͍͸, ஗Ԇ࣌ؒͷઃఆʹ͋Δ [13, 49]. ϑϥϯδϟʔ͸
LFOΛ༻͍ͯपظతʹมಈͤ͞Δ. ͜Εʹରͯ͠ίʔϥε͸ϥϯμϜʹมಈͤ͞Δ. ·
ͨ, ϑϥϯδϟʔͷσΟϨΠɾλΠϜ͸ίʔϥεΑΓ΋୹͘ઃఆ͞ΕΔ. ϑϥϯδϟʔ
Ͱ͸ 0∼15 msͱ͠, ίʔϥεͰ͸ 10∼25 msͱ͢Δͷ͕ҰൠతͰ͋Δ.
2.4.5 ϛΩγϯάͷॲཧྫ
ຊઅͰ͸, ֤छͷॲཧΛ۩ମతͳ૊Έ߹Θͤͨ, ϛΩγϯάͷॲཧྫΛ঺հ͢Δ. Α
Γ୯७ͳॲཧྫ͔Βॱʹ঺հ͠, ఏҊ͢ΔεϚʔτϛΩαʔͱͷؔ܎ੑΛࣔ͢.
2.4.5.1 ϛΩγϯάͷॲཧྫ 1: ୯७Ճࢉʢਤ 2.5(a)ʣ
࠷΋୯७ͳϛΩγϯάͰͷॲཧ͸୯७ՃࢉͰ͋Δ.
͜ͷํ๏ͷར఺͸, ·ͣॲཧ͕୯७ͩͱ͍͏͜ͱͰ͋Δ. ͔͠͠, ೖྗ͢Δ৴߸ಉ࢜
ͷप೾਺ಛੑͷ૬ੑʹΑͬͯ͸, ϚεΩϯάʹΑΓԻͷฉ͖औΓ͕๦֐͞ΕΔ৔߹͕
͋Δ.
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2.4.5.2 ϛΩγϯάͷॲཧྫ 2: ৴߸ͷ੾Γସ͑ʢਤ 2.5(b)ʣ
୯७ͳ଍͠ࢉ͔Βͷ؆୯ͳ޻෉ͱͯ͠, ೖྗ৴߸Λ੾Γସ͑ͯग़ྗ৴߸ͱ͢Δํ๏͕
ڍ͛ΒΕΔ. ྫ͑͹, ΧʔφϏήʔγϣϯγεςϜʹ͓͍ͯҊ಺Ի੠Λ࠶ੜ͢Δࡍʹ,






2.4.5.3 ϛΩγϯάͷॲཧྫ 3: Իྔࠩͷ෇༩ʢਤ 2.5(c)ʣ
ྫ͑͹ϥδΦ์ૹͰ, ࿩ऀʹΑΔφϨʔγϣϯͱBGMͱΛϛΩγϯά͢Δࡍʹ༻͍
ΒΕΔख๏Ͱ͋Δ. ͜ͷϛΩγϯάͰ͸, ࣮࣭తʹೖྗ৴߸Ͳ͏͠ͷؒʹ༏ઌ౓ͷ͕ࠩ
ଘࡏ͢Δ. φϨʔγϣϯ͕ओ໾Ͱ͋Γ, BGM͸࿬໾Ͱ͋Δ. ͦ͜Ͱ, ओ໾Λे෼ʹฉ͔




࣌มͱ͢Δ. ͜ͷΑ͏ͳॲཧ͸, ҰൠʹμοΧʔʢDucker, 2.4.2અʣͱݺ͹Ε͍ͯΔ.
·ͨ, ॲཧର৅ͷ৴߸ͱ͸ผͷ৴߸ͷ৘ใʹΑͬͯ, ॲཧΛ੍ޚ͢Δํ๏Λ, αΠυνΣ
Πϯʢside-chainʣͱݺΜͰ͍Δ.
αΠυνΣΠϯΛ༻͍ͨࣗಈϛΩαʔͱͯ͠, DuganʹΑΔDugan mixer[54]͕͋Δ.
Dugan mixerͰ͸, ֤ೖྗ৴߸ʹ͍ͭͯ༗Ի൑ఆΛ͠, ༗ԻͰ͋Δͱ൑ఆ͞Εͨ৴߸਺
ʹԠͯ͡, ֤ೖྗ৴߸΁ͷԻྔͷ্ݶ஋Λ࣌มʹઃఆ͢Δ.
φϨʔγϣϯͱBGMͱͷ࠷దͳԻྔࠩʹ͍ͭͯ, খ৿Β [18]͸, φϨʔγϣϯͷॏ










ͤ͞Δ. ͜ΕʹΑͬͯ, ೾ܗͦͷ΋ͷ͕ॻ͖׵͑ΒΕ, ಉ࣌ʹεϖΫτϧ͕มԽ͢Δͨ
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ΊͰ͋Δ.
͜ͷ໰୊఺Λղܾ͢Δํ๏ͱͯ͠, प೾਺ଳҬ͝ͱʹҟͳΔύϥϝʔλΛઃఆ͢Δͱ














ॲཧྫ 4Ͱৼ෯΁ͷॲཧΛ, ॲཧྫ 5Ͱप೾਺ྖҬͰͷॲཧΛ঺հͨ͠. ͍ͣΕͷॲ
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ϛΩγϯάΛ, खܰʹ࣮ݱͰ͖Δ. Ճ͑ͯ, ैདྷͷϛΩγϯά๏Λแؚͭͭ͠, ͞Βʹ៛
ີͰࣗ༝ͳॲཧΛఏڙͰ͖Δ.
εϚʔτϛΩαʔͷجຊߏ੒Λਤ 3.1ʹࣔ͢. ̎ຊͷσδλϧԻ৴߸ xA[n], xB[n]Λ,
εϚʔτϛΩαʔʹೖྗ͢Δ. ͜͜Ͱ, nΛαϯϓϧ൪߸ͱ͢Δ. ೖྗ৴߸͸, ·ͣप
೾਺෼ղ͢Δ. ຊߘͰ͸, प೾਺෼ղΛ FFTͰߦ͏͜ͱͱ͢Δ. प೾਺෼ղ͸, ඞཁʹ
Ԡͯ͡ϑΟϧλόϯΫ, ΢ΣʔϒϨοτม׵ͳͲͷҟͳΔख๏Ͱ΋ྑ͍. प೾਺෼ղޙ
ͷ iϑϨʔϜ, kଳҬΛ, ࣌ؒप೾਺ฏ໘ͷ࠲ඪ [i, k]ͱͯࣔ͢͜͠ͱͱ͢Δ. ͜ͷ࠲ඪ
[i, k]Λ༻͍ͯ, ೖྗ৴߸ xA[n], xB[n]ͷ࣌ؒप೾਺දݱΛ, XA[i, k], XB[i, k]ͱ͢Δ. प
೾਺෼ղʹFFTΛ༻͍ΔͨΊ, XA[i, k], XB[i, k]͸ෳૉ਺஋Ͱ͋Δ. ೖྗ৴߸ͷ࣌ؒप
೾਺දݱXA[i, k], XB[i, k]Λ, ඇઢܗؔ਺ F (XA[i, k], XB[i, k])ʹΑͬͯॲཧ͠, ग़ྗ৴
߸ͷ࣌ؒप೾਺ฏ໘ Y [i, k]Λࢉग़͢Δ. ࠷ޙʹ, ग़ྗ৴߸ͷ࣌ؒप೾਺ฏ໘ Y [i, k]Λ
IFFT͠, ग़ྗ৴߸ y[n]ΛಘΔ.
εϚʔτϛΩαʔͷಛ௃ʹ͍ͭͯ, ैདྷϛΩαʔʹ͓͚ΔνϟωϧετϦοϓͱͷൺ
ֱͰड़΂Δ. ਤ 3.2͸, ैདྷϛΩαʔͷجຊߏ੒ΛνϟωϧετϦοϓͰࣔͨ͠΋ͷͰ
͋Δ. ैདྷϛΩαʔ͸, ෳ਺ͷνϟωϧετϦοϓΛ࣌ؒྖҬ৴߸Ͱ݁ઢͨ͠΋ͷͱݟ












































ղੳΛೖྗ࣌ʹ, ೾ܗ࠶߹੒Λग़ྗ࣌ʹ, ͦΕͧΕҰݩԽͰ͖Δ. ͜ͷͨΊ, εϚʔτϛ






චऀΒ͸, εϚʔτϛΩαʔΛਤ 3.3ͷه߸Ͱද͍ͯ͠Δ. ͜ͷه߸͸, εϚʔτϛ
Ωαʔͷಛ௃Λ୺తʹද͍ͯ͠Δ. ه߸Λ, ࠨଆ͔Βӈଆʹ޲͚ͯઆ໌͍ͯ͘͠. ̎ຊ
ͷσδλϧԻ৴߸ xA[n], xB[n]Λ, εϚʔτϛΩαʔʹೖྗ͢Δ (ਤதࠨଆ, ԁ಺ʹࠨ͔
ΒೖΔՕॴ). ೖྗ͞ΕΔͱ, ͦΕΒͷԻ৴߸͸, ࣌ؒप೾਺ฏ໘ʹల։͞ΕΔ (ਤதࠨ
ଆ, ԣ๮͔Βॎ๮ʹมԽ͢ΔՕॴ). ֤ೖྗ৴߸ͷ࣌ؒप೾਺ฏ໘̎ຕͷඇઢܗͳॏͶ
߹ΘͤΛߦ͏ (ਤததԝ, ̎ͭͷฏߦ࢛ลܗ͕ॏͳΓ͋͏Օॴ). ಘΒΕͨ̍ຕͷ࣌ؒप
೾਺ฏ໘Λ, ࣌ؒྖҬ৴߸ʹม׵͢Δ (ਤதӈଆ, ॎ๮͔Βԣ๮ʹมԽ͢ΔՕॴ). ͜͏
ͯ͠, ॴ๬ͷग़ྗ৴߸͕ಘΒΕΔ (ਤதӈଆ, ԁ֎ʹӈ΁ͱग़ΔՕॴ). ͜Ε͕, εϚʔτ
ϛΩαʔͷجຊతͳߏ଄Ͱ͋Δ.
3.2 εϚʔτϛΩαʔͷݚڀ໨త
εϚʔτϛΩαʔͷݚڀ໨తͱͯ͠ 5ͭड़΂Δ. ୈҰʹ, ελδΦٕज़ऀͱͯ͠ͷܦ
ݧͷͳ͍ݸਓʹର͠, ϓϩϑΣογϣφϧ͕ߦ͏៛ີͳϛΩγϯάΛ, खܰʹ࣮ߦͰ͖
ΔγεςϜΛఏڙ͢Δ͜ͱͰ͋Δ. ୈೋʹ, ελδΦٕज़ऀʹର͠, ៛ີͰ׌ͭࣗ༝ͳ
ॲཧΛ࣮ݱͰ͖ΔϛΩγϯάγεςϜΛఏڙ͢Δ͜ͱͰ͋Δ. ୈࡾʹ, ෳ਺ͷԻ৘ใ͕
ಉ࣌ʹೖྗ͞ΕΔεϐʔΧʔγεςϜʹର͠, ΑΓଟ͘ͷԻ৘ใΛշదʹൃ͢Δ͜ͱ͕








ୈҰʹ, εϚʔτϛΩαʔ૷ஔͰ͋Δ. ֤छԻڹػث΍ָث͔Βͷೖྗ, ֎෦εϐʔ
ΧʔγεςϜ΁ͷग़ྗΛ, ൚༻ͷ୺ࢠͰ௚઀઀ଓͰ͖ΔϛΩαʔ૷ஔͱͯ͠ϋʔυ΢Τ































ݕ౼͢Δ͜ͱͰ, ϛΩγϯάʹ͓͚Δௌ֮ಛੑͷ஌ݟ͕ಘΒΕΔ. ൃలͯ͠, ฉ͖ಀ͠
΍צҧ͍ͷϝΧχζϜͷղ໌ʹߩݙͰ͖Δ. ͜ΕʹΑΓ, ԻʹΑΔঢ়گ൑அ΍৘ใ఻ୡ
Λ, ΑΓ͔֬ͳ΋ͷʹͰ͖Δ.
ୈࡾʹ, ࣄނࡂ֐ରࡦͰ͋Δ. ྫ͑͹, τϯωϧ޻ࣄͷݱ৔ͰͷεϚʔτϛΩαʔͷ
׆༻Ͱ͋Δ. ࡞ۀ৔಺ͷ؀ڥʹ͋ΘͤͯܯใԻͷಛੑΛมߋ͠, ࣮֬ʹ࡞ۀһ͕ؾͮ͘
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ϛΩγϯάΛ࣮ݱ͍ͨ͠. ·ͨ, ෳ਺ͷܯใԻΛซ༻͠, ΑΓଟ͘ͷ৘ใΛ࡞ۀһʹఏ
ࣔͰ͖Δ. ࠁҰࠁͱมԽ͠, શମ૾͕೺Ѳͮ͠Β͍ݱ৔Ͱ͸, ࡞ۀһࣗ਎ͷͱͬ͞ͷ൑
அ͕େ੾ͩͱࢥΘΕΔ. ԻͰ൑அͷॿ͚͕͍ͨ͠.










Ի੠ͱBGM͕͋Δ. ैདྷͰ͸, φϏήʔγϣϯԻ੠͕࠶ੜ͞ΕΔ࣌۠ؒͰ, BGMͷԻ
ྔΛݮਰ͍ͤͯͨ͞. Իྔͷ૿ݮ͕සൟʹى͖Δͱ, ෆշײʹܨ͕Δ. Ի੠Λຒ΋Ε͞
ͤͳ͍Ի৴߸ࠞ߹๏ͷݕ౼ʹΑͬͯ, Իڹ৴߸Λ׆༻Ͱ͖ΔՄೳੑ͕޿͕Δ.
ຊ࿦จͰ͸, Ի੠Λຒ΋Εͤ͞ͳ͍Ի৴߸ࠞ߹๏ͷεϚʔτϛΩαʔʹΑΔߏ੒๏ͱ
ͯ͠ 3ख๏ΛఏҊ͢Δ. ୈҰʹ, ௐ೾ߏ଄ʹண໨ͨ͠ख๏Ͱ͋Γ, ఏҊ๏Aͱͯ͠ୈ 4
ষͰड़΂Δ. ୈೋʹ, ϑΥϧϚϯτߏ଄ʹண໨ͨ͠ख๏Ͱ͋Γ, ఏҊ๏Bͱͯ͠ୈ 5ষ
Ͱड़΂Δ. ୈࡾʹ, ϑΥϧϚϯτߏ଄ͱࣃࡲԻʹண໨ͨ͠ख๏Ͱ͋Γ, ఏҊ๏Cͱͯ͠
ୈ 6ষͰड़΂Δ.
શͯͷఏҊ๏Ͱڞ௨͢Δઃఆͱͯ͠, ೖྗ৴߸ʹ༏ઌ౓Λಋೖ͢Δ. ͜Ε͸, ओ໾Λ
͸͖ͬΓͤ͞Δ [35]ͱ͍͏, ϓϩϑΣογϣφϧͷϛΩγϯάΤϯδχΞͷํ਑ͱ΋Ұ





ຊষͰ͸, ௐ೾ߏ଄ʹண໨ͨ͠ख๏ΛఏҊ๏Aͱͯ͠ఏҊ͢Δ. ఏҊ๏A͸, Ի੠Λ
ຒ΋Εͤ͞ͳ͍Ի৴߸ࠞ߹๏Λ࣮ݱ͢Δख๏Ͱ͋Γ, Ի੠ͷ࣌ؒप೾਺ฏ໘্ͷύλʔ
ϯΛܗ࡞Δௐ೾ߏ଄Λڧௐ͢Δ͜ͱͰ, ໨తΛୡ੒͠Α͏ͱ͢Δ΋ͷͰ͋Δ.






ج͍ͮͯৼ෯ͱҐ૬ΛͦΕͧΕมԽͤ͞, ॲཧͷޮՌΛ͔֬ΊΔ. ͸͡Ίʹ, ୈ 4.1.1અ
Ͱৼ෯Λૢ࡞͢Δख๏Λہॴ཈੍๏ͱͯ͠ݕ౼͢Δ. ࣍ʹ, ୈ 4.1.2અͰҐ૬Λૢ࡞͢








͔͠͠, શྖҬͰԻྔΛ཈੍͢Δඞཁ͸ͳ͍. ௌײಛੑͱͯ͠, ֤प೾਺੒෼ͷ஌֮ʹ











ຊઅͰ͸, ࣌ؒप೾਺ฏ໘্Ͱͷৼ෯ॲཧͱͯ͠, 2ख๏ͷہॴ཈੍๏Λݕ౼͢Δ. Ի
৴߸Λ༻͍ͯύϥϝʔλௐ੔͠, Ի੠Λຒ΋Εͤ͞ͳ͍Ի৴߸ࠞ߹๏ͱͯ͠ͷޮՌͷ֬
ೝͱ, ޮՌతͳॲཧͷ৚݅Λߟ࡯͢Δ.




ہॴ཈੍๏ͷҰൠܗΛ, ਤ 4.1ʹࣔ͢. ೖྗ৴߸Λ, ༏ઌ౓ͷߴ͍΋ͷ͔Βॱʹ xA[n],
xB[n]ͱ͠, ग़ྗ৴߸Λ y[n]ͱ͢Δ. ͜͜Ͱ, n͸࣌ࠁ (αϯϓϧ൪߸)Ͱ͋Δ. XA[i, k],
XB[i, k], Y [i, k]͸, ֤৴߸ͷ࣌ؒप೾਺ฏ໘্ͷҐஔ (i, k)Ͱͷ୹࣌ؒϑʔϦΤม׵஋
Ͱ͋Δ. ͜͜Ͱ, i͸࣌ؒϑϨʔϜ, k͸प೾਺Ϗϯ൪߸Ͱ͋Δ.
XA[i, k], XB[i, k] ͷύϫʔ |XA[i, k]|2, |XB[i, k]|2 Λ dB දهͨ͠΋ͷΛ, LA[i, k],
LB[i, k]ͱ͢Δ. LA[i, k], LB[i, k]͔Βඇઢܗؔ਺ F (LA[i, k], LB[i, k])ʹΑͬͯ, XB[i, k]
ʹର͢ΔήΠϯ܎਺ WB[i, k] Λࢉग़͢Δ. ग़ྗ Y [i, k] Λ, Y [i, k] = XA[i, k] +
WB[i, k]XB[i, k]Ͱܾఆ͢Δ.
ͳ͓, F ()͸प೾਺ଳҬ͝ͱʹҟͳΔؔ਺ͱ͢Δ. ैͬͯ,ຊདྷ͸F (LA[i, k], LB[i, k], k)
ͱදه͢΂͖Ͱ͋Δ͕, ฆΕͷ͋Δ࣌Λআ͍ͯ F (LA[i, k], LB[i, k])ͱදه͢Δ.
4.1.1.2 ख๏ 1 Իྔؔ܎ʹج͍ͮͯ཈੍ྔΛܾఆ͢Δํ๏
F ()ʹ͍ͭͯٞ࿦͢Δ. F ()ͷܾఆ͸, LA[i, k]ͱ LB[i, k]͕࡞Δ 2࣍ݩฏ໘্ͷ֤఺
ͰWB[i, k]Λܾఆ͢Δ͜ͱʹ૬౰͢Δ. ຊख๏Ͱ͸, ਤ 4.2ʹࣔ͢Α͏ʹ, 2࣍ݩฏ໘্
ʹ 2ͭͷ௕ํܗΛ഑ஔ͠, ͦΕΒΛج४ʹWBΛܾఆ͢Δ͜ͱͱͨ͠. ·ͣ, ಺ଆͷ௕ํ
ܗʹ͍ͭͯ lA2, lA3, lB2, lB3ͰҐஔΛܾఆ͠, ௕ํܗ಺ͷ཈੍ྔΛύϥϝʔλwmax (dB)
ͱ͢Δ. ࣍ʹ, ֎ଆͷ௕ํܗʹ͍ͭͯ lA1, lA4, lB1, lB4ͰҐஔΛܾఆ͠, ௕ํܗ֎ͷ཈੍

































ਤ 4.2. ඇઢܗؔ਺ F (LA[i, k], LB[i, k])ͷಛੑ
ྔΛ 0 dBͱ͢Δ. ଓ͍ͯ, ̎ͭͷ௕ํܗͷ಺ଆͷྖҬʹ͍ͭͯ, ࣜ (4.1∼4.3)ͷΑ͏ʹ
ઢܗิؒ͢Δ.
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ද 4.1. 8प೾਺ଳҬͷઃఆ
Band Frequency [Hz]
0 0 - 50
1 50 - 125
2 125 - 250
3 250 - 500
Band Frequency [Hz]
4 500 - 1250
5 1250 - 2500
6 2500 - 5000
7 5000 - 22050




lA2 − lA1 · wmax lA1 ≤ LA[i, k] < lA2
wmax lA2 ≤ LA[i, k] < lA3
lA4 − LA[i, k]






lB2 − lB1 · wmax lB1 ≤ LB[i, k] < lB2
wmax lB2 ≤ LB[i, k] < lB3
lB4 − LB[i, k]
lB4 − lB3 · wmax lB3 ≤ LB[i, k] < lB4
0 otherwise
(4.3)
࣍ʹ, प೾਺ಛੑʹ͍ͭͯઆ໌͢Δ. 9ݸͷύϥϝʔλΛ֤ kʹ͍ͭͯઃఆ͢Δͷ͸
ࣗ༝౓͕ߴ͗ͯ͢ѻ͍ʹ͍ͨ͘Ί, ද 4.1ʹࣔ͢ 8ݸͷଳҬʹ·ͱΊͨ.
༧උతʹߦͬͨௌ͖औΓ࣮ݧͰ͸, ଳҬ 0ͱଳҬ 7Ͱ͸WB = 1ͱ͢Δͷ͕࠷దͰ
͋ͬͨ. ͦ͜ͰҎޙ, ଳҬ 1͔Β 6ͷ 6ଳҬ (50 - 5000 Hz)ͷΈΛ F ʹΑΔ཈੍ͷର৅
ͱ͢Δ.
࣮ݧૉࡐͱͯ͠, Ի੠ͱ BGMͦΕͧΕೋͭͷσʔλΛ༻ҙͨ͠. Ի੠ʹ͸, ࿩଎ό
ϦΤʔγϣϯܕԻ੠σʔλϕʔε:SRV-DB[55]ΑΓ, உੑͱঁੑͷൃ࿩σʔλΛҰจͣ
ͭ༻͍ͨ. Ҏޙ, உੑͷσʔλΛ PM00, ঁੑͷσʔλΛ PF00ͱද͢. BGMʹ͸, Ϋ
ϥγοΫ (BGM1)ͱδϟζ (BGM2)Λબ୒ͨ͠. ͜ΕΒ̐ͭͷૉࡐʹ͍ͭͯ, PM00ͱ
BGM1, PM00ͱBGM2, PF00ͱBGM1, PF00ͱBGM2ͷ, ̐ͭͷ૊Έ߹ΘͤͷϛΩ
γϯάΛࢼͨ͠.
·ͣ, ֤ૉࡐͷ༗Ի෦ͷೋ৐ฏۉ஋ʹ͍ͭͯ, BGM͕Ի੠ΑΓ 12 dBେ͖͘ͳΔΑ
͏ʹϨϕϧΛௐ੔ͨ͠. ͜ͷͱ͖୯७ՃࢉͰ͸, ͢΂ͯͷ૊Έ߹ΘͤͰԻ੠Λฉ͖औΔ
͜ͱ͕Ͱ͖ͳ͍. ͜͜Ͱ, ̐ͭͷ࣮ݧૉࡐͷ༗Ի෦͸ਤ 4.3ͷΑ͏ʹࢦఆͨ͠. (a), (b)
ͷ೾ܗͷ্෦ͷͻΒ͕ͳ͸, ֘౰͢ΔՕॴͰͷൃ࿩಺༰Ͱ͋Δ.
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time [sec]

































にほんに ちか てつが うまれたの も いま ごろの きせつである
じ かんをかけ て は し る し ん だい とっ きゅうが にん きの り ゆ う も おな じ に ち がいない
ਤ 4.3. ࣮ݧૉࡐͷ೾ܗ
ද 4.2. εϚʔτϛΩαʔͷ࣮ݧॾݩ












FFT఺਺ NFFT 4096 ఺
ղੳ࣌૭ؔ਺ H[n] ϋχϯά૭ܗ 2048఺
߹੒࣌૭ؔ਺ G[n] ϋχϯά૭ܗ 1024఺
ϑϨʔϜγϑτ NSFT 512఺
ྑ޷ͳ݁Ռ͕ಘΒΕͨॲཧΛ, ଳҬ 3Λྫʹͱͬͯ঺հ͢Δ.
·ͣ, ਤ 4.4ʹଳҬ 3ʹ͓͍ͯ LA[i, k]Λԣ࣠ʹ, LB[i, k]Λॎ࣠ʹͱͬͨࢄ෍ਤΛࣔ
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͢. ਤ 4.4தͷࣼΊͷഁઢ͸, LA[i, k]ͱ LB[i, k]ͷΤωϧΪ͕ࠩ 0 dBͷϥΠϯͰ͋Δ.































































       smart mixing
(b)  After
       smart mixing
ਤ 4.4. ଳҬ 3(250 - 500 [Hz])Ͱͷ, LA[i, k]ͱ LB[i, k]ͷࢄ෍ਤ
͜ͷϥΠϯΑΓ্෦Ͱ͸, LA[i, k]͕ LB[i, k]ΑΓ΋খ͍͞.
ਤ 4.4தͷ࢛֯࿮಺ͷ࣌ؒप೾਺෼෍ʹରͯ͠, F (LA[i, k], LB[i, k])ΛwMaxΛ 18 dB
ͱͯ͠ۦಈͤͨ͞. ͜ͷॲཧʹΑΔ࢛֯࿮಺ͷ࣌ؒप೾਺෼෍ͷਤ 4.4தͰͷมԽ͸,
Լํ޲ʹ࠷େ 18 dBԼํ΁ͷҠಈͰ͋Δ. ྫ͑͹, ਤ 4.4தͷ 2ͭͷഁઢପԁ࿮ͰมԽ
͕ΈͯͱΕΔ. ্ํʹ͋Δପԁ಺Ͱͷີ౓͸, ॲཧલͱॲཧޙΛൺֱͯ͠ݮগ͍ͯ͠Δ.
ରͯ͠, Լํʹ͋Δ࿮಺Ͱ͸, ॲཧલͱॲཧޙͰ, ີ౓ͷ্ঢ͕ΈΒΕΔ. ͜ͷΑ͏ʹ,
σʔλͷूத͢ΔҐஔ͕ਤதͷԼํʹҠಈ͍ͯ͠Δ. ͜Ε͸, ࣌ؒप೾਺ฏ໘্ͷҐஔ




ൺֱతগྔͱͳͬͨ. ͨͩ͠, BGMͷԻ৭ͷҹ৅͸, ݩ৴߸ʹରͯ͠มԽ͕ײ͡ΒΕͨ.
ਤ 4.5ʹ, ೋͭͷೖྗ৴߸, ୯७Ճࢉ, ॲཧ݁Ռ, ཈੍ޙͷ༏ઌ౓ͷ௿͍৴߸ͷ࣌ؒप
೾਺ฏ໘ͷ͏ͪ, 0͔Β 3 kHz ·ͰͷൣғΛࣔ͢. ୯७ՃࢉͰ͸, Ի੠ͷઢεϖΫτϧ
ߏ଄ͷಛ௃͕ࡍཱ͓ͬͯΒͣ, ΄ͱΜͲԻָʹຒ΋Ε͍ͯΔ. ͜Εʹରͯ͠, ॲཧޙͷ
ୈ 4 ষ Իྔؔ܎ͱௐ೾ߏ଄ʹண໨ͨ͠ݕ౼ 41
(a) Source signal: 
        PF00
       (Female voice)
(b) Source signal:
        BGM2
        (Jazz)
(c) Output signal
    (conventional mixing,
     simple adding)
(d) Output signal
      (Smart mixer,    
       local suppression
                          method)
(e) Component signal:
       Suppressed BGM2
     (Smart mixer,
      local suppression































































͕ಘΒΕΔ৚݅ʹ͍ͭͯ, ࣍ͷ̐ͭͷ஌ݟΛಘͨ. ୈ 1ʹ, ࣌ؒप೾਺ฏ໘্Ͱ, ༏ઌ౓
ͷߴ͍৴߸ͱ௿͍৴߸ͱͷԻྔࠩʹண໨͢Δ΂͖Ͱ͋Δ. ୈ 2ʹ, प೾਺ຖͷΤωϧΪ
ͷ෼෍ʹଈͯ͠, ཈੍ྔΛௐ੔͢Δ΂͖Ͱ͋Δ. ୈ 3ʹ, 50 HzΑΓ௿͍ଳҬ, 5,000 Hz
ΑΓߴ͍ଳҬͰ͸, ཈੍Λߦ͏΂͖Ͱ͸ͳ͍. ୈ 4ʹ, ྆ೖྗ৴߸ʹ͍ͭͯ, ࣌ؒप೾਺
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ฏ໘্ͰΤωϧΪ͕Ұఆ஋ΑΓେ͖͍ՕॴͰ͸, ཈੍Λߦ͏΂͖Ͱ͸ͳ͍.
4.1.1.3 ख๏ 2 Իྔࠩʹண໨ͨ͠ख๏
4.1.1.2અͰड़΂ͨख๏ 1ͰಘΒΕͨ஌ݟΛݩʹ, Իྔࠩʹண໨ͨ͠ख๏Λݕ౼͢Δ.
ຊख๏Ͱ͸, ήΠϯ܎਺WB[i, k]Λࣜ 4.4,4.5ͱ͢Δ.
WB[i, k] =
⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
10(δ−∆[k])/20 (δ < ∆[k],
la[k] ≤ LA[i, k] < lA[k],
LB[i, k] < lB[k])
1 (otherwise)
(4.4)
δ = LA[i, k]− LB[i, k] (4.5)
͜ͷඇઢܗؔ਺Ͱ͸, LA[i, k]ͱ LB[i, k]ͷԻྔࠩ δ͕, ᮢ஋∆[k]ΑΓ΋େ͖͍ͱ͖,
ॲཧޙͷԻྔ͕ࠩᮢ஋∆[k]ͱͳΔΑ͏, BGMΛ཈੍͢Δ. ͨͩ͠, LA[i, k]͕ᮢ஋ la[k]
ΑΓ΋খ͍͞ͱ͖, ᮢ஋ lA[k]ΑΓ΋େ͖͍ͱ͖, LB[i, k]͕ᮢ஋ lB[k]ΑΓ΋େ͖͍ͱ͖
͸ ཈੍ΛߦΘͳ͍. ᮢ஋ la[k], lA[k], lB[k], ∆[k]͸, प೾਺ຖʹௐ੔͢Δ. ݕ౼͸, ύϥ
ϝʔλΛڞ௨ͱ͢Δप೾਺ଳҬΛ, ද 4.3ʹࣔ͢ 8ଳҬͱ͠, ͜ͷ͏ͪ, ଳҬ 1͔Β 6·
Ͱͷ 6ଳҬ (50 - 5000 Hz)ʹ͍ͭͯߦ͏. ैͬͯ, 50 HzΑΓ௿͍ଳҬ, 5,000 HzΑΓߴ
͍ଳҬͰ͸, ඃ༏ઌԻʹରͯ͠཈੍ΛߦΘͳ͍. ͜ΕΑΓ, ύϥϝʔλ͸ܭ 24ݸͱͳΔ.
ද 4.3. प೾਺ଳҬͷઃఆ
Band Frequency [Hz]
0 0 - 50
1 50 - 125
2 125 - 250
3 250 - 500
Band Frequency [Hz]
4 500 - 1250
5 1250 - 2500
6 2500 - 5000
7 5000 - 22050
͜ͷඇઢܗؔ਺ͷ֤ଳҬͰͷಛੑ͸, ਤ 4.6ͱදͤΔ. ਤதͷ࣮ઢ࿮಺ʹ෼෍͢Δೖ
ྗ৴߸ͷΤωϧΪ૊ʹ͍ͭͯ཈੍͢Δ. ྫ͑͹, ೖྗ࣌ʹਤதͷ αʹҐஔ͢Δ੒෼͸,
཈੍ॲཧޙʹࣼઢ্ͷ β΁ͱҠಈ͢ΔΑ͏ʹ཈੍͢Δ. ͜ͷ࣌, ཈੍ྔ͸ α-βؒͷ໼ҹ
ͷ௕͞ʹ૬౰͢Δ. ಉ༷ʹ, ೖྗ࣌ʹα′ʹҐஔ͢Δ੒෼͸, ཈੍ॲཧޙʹࣼઢ্ͷ β′΁
ͱҠಈ͢ΔΑ͏ʹ཈੍͢Δ.




ϥʔԻָ [56]ʯͷσʔλΛ༻͍ͨ. ද 4.4ʹࣔ͢ॾݩͰॲཧΛߦͬͨ.







 = LA - LB > [k]
'
'
ਤ 4.6. ہॴ཈੍๏ (ख๏ 2)ͷඇઢܗؔ਺ͷಛੑ
ද 4.4. εϚʔτϛΩαʔͷ࣮ݧॾݩ
αϯϓϦϯάप೾਺ Fs 44.1 kHz
FFT఺਺ NFFT 4096 ఺
ղੳ࣌૭ؔ਺ H[n] ϋχϯά૭ܗ 2048఺
߹੒࣌૭ؔ਺ G[n] ϋχϯά૭ܗ 1024఺
ϑϨʔϜγϑτ NSFT 512఺
͜͜Ͱ͸, ଳҬ 3ΛྫʹͱΓ࣮σʔλΛݩʹߟ࡯Λߦ͏.
·ͣ, ਤ 4.7ʹ, LA[i, k]Λԣ࣠ʹ, LB[i, k]Λॎ࣠ʹͱͬͨࢄ෍ਤΛࣔ͢. ਤ 4.7தͷ
ೋຊͷӈ্͕Γͷഁઢ͸, LA[i, k]ͱLB[i, k]ͷԻྔࠩ δͷ౳ߴઢͰ͋Δ. ্ଆͷഁઢ্
Ͱ͸ 0 dBࠩͰ͋Γ, Լଆͷഁઢ্Ͱ͸ 3 dBࠩͰ͋Δ. ୈ 3ଳҬͰ͸ᮢ஋∆[k]Λ, Լଆ
ͷഁઢͷ 3 dBͱͨ͠. ͜ͷύϥϝʔλઃఆͷͱ͖, ଠઢ಺ͷ੒෼͕͜ͷ∆[k]ͷഁઢʹ
޲͚ͯਅԼʹҠಈ͢Δ. ͜ͷҠಈྔ͕, BGMͷ࣌ؒप೾਺੒෼΁ͷήΠϯ܎਺WB[i, k]
Ͱ͋Δ. ͜͜Ͱ, ࢄ෍ਤதͰLA[i, k]ͷ࠷΋େ͖͍ྖҬΛଠઢ͕࿮֎ͱ͠, ཈੍ͷର৅֎
ͱ͍ͯ͠Δ఺͕ڵຯਂ͍. ͜ͷྖҬ͸XA[i, k]Ͱ͸ௐ೾ߏ଄ͷϐʔΫʹ૬౰͠, ଠઢ͕
࿮಺ͱ͢ΔྖҬ͸ϐʔΫͷपԑ෦ͱͳΔ.
ਤ 4.7தͷ 2ͭͷഁઢପԁ α, βͷྖҬʹண໨͢Δ. αʹ͸, ॲཧલͰ͸ଟ͘෼෍ͯ͠
͍͕ͨ, ॲཧޙͰ͸ݮগ͍ͯ͠Δ. ରͯ͠ βͰ͸, ॲཧલʹൺ΂ॲཧޙͰ, ੒෼͕૿Ճ
͍ͯ͠Δ. ॲཧޙͰ͸ βͷྖҬʹ஋͕ूத͢Δ΂͖Ͱ͋Δ͕, ࣮ࡍʹूத͍ͯ͠Δͷ͸
βͷ্෦Ͱ͋Δ. ·ͨ, ຊདྷ͸มԽ͕ى͖ͳ͍ଠઢ࿮֎Ͱ΋, ॲཧʹΑΔ஋ͷมԽ͕ग़
͍ͯΔ. ͜ΕΒͷݪཧͱಈ࡞ͷͣΕ͸, ॲཧޙͷ߹੒૭ؔ਺ʹΑΔ࣌ؒํ޲΁ͷॲཧͷ
ᕷΈ͕ݪҼͩͱߟ͍͑ͯΔ.
ਤ 4.8ʹ, ೋͭͷೖྗ৴߸, ୯७Ճࢉ, ہॴ཈੍๏Ͱͷॲཧ݁Ռͷ࣌ؒप೾਺ฏ໘ͷ
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ਤ 4.7. ଳҬ 3ʹ͓͚Δ, LA[i, k]ͱ LB[i, k]ͷࢄ෍ਤ্Ͱͷඇઢܗؔ਺ͷಈ࡞ (a)ॲཧલ (b)
ॲཧޙ
͏ͪ, ಛ௃తͳՕॴΛࣔ͢. ୯७Ճࢉ (ਤ 4.8(c))Ͱ͸, Ի੠ͷઢεϖΫτϧߏ଄ͷಛ௃









XA[i, k]ͱXB[i, k]ΛՃࢉͨ͠ͱ͖, ग़ྗ৴߸ Y [i, k]ͷύϫʔ͸, ೖྗ৴߸੒෼ͷύϫʔ
|XA[i, k]|2, |XB[i, k]|2ͷ୯७ͳ଍͠ࢉʹ͸ͳΒͳ͍.͜Ε͸,̎ͭͷ੒෼XA[i, k], XB[i, k]
͕, ͦΕͧΕෳૉਖ਼ݭ೾Ͱ͋ΔͨΊ, Ґ૬ࠩʹΑͬͯՃࢉޙͷΤωϧΪ͕มԽ͢Δ͔Β


































































ਤ 4.8. ֤αϯϓϧͷ࣌ؒप೾਺ฏ໘ (a)Ի੠ (b)BGM (c)୯७Ճࢉ (d)ہॴ཈੍๏ (ख๏ 2)
Ͱ͋Δ.
ͯ͞, ೖྗ৴߸ͷ಺༰΍छྨΛ൑ผ͢ΔͨΊʹॏཁͳͷ͸, εϖΫτϧͷϐʔΫͷ࣌





ہॴಉظ๏͸, ैདྷ๏ͱͯ͠ߴڮ [57, 58]ʹΑΔख๏͕͋Δ.
͜ͷख๏Ͱ͸, ༏ઌ౓͕௿͍Ի৴߸ͷ࣌ؒप೾਺Ϗϯ [i, k]ͷҐ૬Λ, ہॴతʹ༏ઌ౓
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ͦ͜Ͱ,֤प೾਺Ϗϯ [i, k]ͰͷҐ૬ૢ࡞ͷ࿪ΈΛ࣌ؒप೾਺ฏ໘্ͷۙ઀ྖҬ [i, k−1],





4.1.2.2 ख๏ 3 Իྔࠩʹண໨ͨ͠ख๏
ೖྗ৴߸ͷ࣌ؒप೾਺ฏ໘্ͷԻྔؔ܎ʹΑͬͯ, Ґ૬ಉظॲཧΛ࣮ࢪ͢Δ͔Λܾఆ
͢Δख๏Λ, ख๏ 3ͱͯ͠ݕ౼͢Δ.
ख๏ 3͸, ैདྷہॴಉظ๏ͰͷϐʔΫ൑ఆ, ༗Ի൑ఆ, ۙ઀ྖҬͱͷΠςϨʔγϣϯԋ
ࢉΛߦΘͳ͍, ୯७ͳॲཧͱ͢Δ. Ґ૬ૢ࡞ͷ࿪ΈΛᕷ·ͤΔॲཧΛলུͨͨ͠Ί, Ґ
૬ௐ੔ྔͷ࣌ؒप೾਺ฏ໘্Ͱͷ׈Β͔͞ʹ๡͍͠. ϛϡʔδΧϧϊΠζͷൃੜʹ൐
͏Ի࣭ྼԽΛͲ͏཈͑Δ͔͕য఺ͱͳΔ.







ہॴ཈੍๏ͷඇઢܗؔ਺ F (LA[i, k], LB[i, k])ͷग़ྗΛ, ήΠϯ܎਺WB[i, k]ʹ׵͑ͯ,
XB[i, k]΁ͷಉظ܎਺MB[i, k]ͱ͠, ࣜ (4.6)Ͱࢉग़͢Δ΋ͷͱ͢Δ. ͜͜Ͱ, φA[i, k],
φB[i, k]͸, ͦΕͧΕXA[i, k], XB[i, k]ͷҐ૬Ͱ͋Δ.
MB[i, k] =
{




Ի৴߸ͷ੒෼ͷҐ૬ʹஔ͖׵͑Δ. ग़ྗXS[i, k]͸, XS[i, k] = XA[i, k]+MB[i, k]XB[i, k]
Ͱܾఆ͢Δ.
ຊख๏Ͱྑ޷ͳॲཧ݁Ռ͕ಘΒΕΔύϥϝʔλͷಛ௃Λݕ౼ͨ͠. ύϥϝʔλௐ੔
͸, ہॴ཈੍๏Ͱͷप೾਺ଳҬͷઃఆ (4.1.1અ, ද 4.3)ͱଗ͑ͨ.
࣮σʔλʹΑΔ؆୯ͳௌऔ࣮ݧʹΑΔݕ౼ͷ݁Ռ, ҎԼͷ஌ݟΛಘͨ. ୈҰͱͯ͠,
Ի੠ͷௐ೾ߏ଄ͷϐʔΫͷ෦෼Λಉظͤ͞Δ͜ͱͰ, ҧ࿨ײͷগͳ͍ϛΩγϯά͕Մೳ
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Ͱ͋Δ. ୈೋͱͯ͠, Ի੠ͷௐ೾ߏ଄ͷϐʔΫͷपԑ෦Λಉظͤͨ͞৔߹, ϛϡʔδΧ
ϧϊΠζ͕ݦஶͱͳΔ.
4.1.3 Իྔؔ܎ʹண໨ͨ͠ہॴ཈੍๏ͱہॴಉظ๏ͷ࿈ܞ
ຊઅͰ͸, 4.1.1અͰݕ౼ͨ͠ہॴ཈੍๏ (ख๏ 2)ͱ 4.1.2અͰݕ౼ͨ͠ہॴಉظ๏ (ख
๏ 3)Λ࿈ܞͨ͠ॲཧΛख๏ 4ͱ͠, ݕ౼͢Δ.





















ਤ 4.9. ہॴ཈੍๏ (Local suppression method)ͱہॴಉظ๏ (Local adjustment method)ͷ
ྑ޷ͳॲཧ݁Ռ͕ಘΒΕΔύϥϝʔλͷ໛ࣜਤ




ύλʔϯ 1 ہॴ཈੍๏ͷ lA > ہॴಉظ๏ͷ la
ύλʔϯ 2 ہॴ཈੍๏ͷ lA = ہॴಉظ๏ͷ la
ύλʔϯ 3 ہॴ཈੍๏ͷ lA < ہॴಉظ๏ͷ la
ෳ਺ͷԻ৴߸ͷηοτʹ͍ͭͯ, ࣮ࡍʹύϥϝʔλௐ੔Λߦͬͨ. Ի੠ʹ͸ SRV-
DB[55]ͷʮൃ࿩ͷϓϩϑΣογϣφϧʹΑΔฤूखாʢಡച৽ฉʣͷಡΈ্͛ʯͷσʔ
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λΛ, Իָʹ͸ʮRWCݚڀ༻ԻָσʔλϕʔεɿϙϐϡϥʔԻָ [56]ʯͷσʔλΛ༻
͍ͨ. ͦͷ݁Ռ, ہॴ཈੍๏ͱہॴಉظ๏ͷύϥϝʔλͷ஋Ҭͷؔ܎͸, ύλʔϯ 1ͱ
3ͱʹͳͬͨ. ྆ύλʔϯʹ͍ͭͯ, ૊Έ߹ΘͤํΛݕ౼͢Δ.
·ͣ, ύλʔϯ 1 : ہॴ཈੍๏ͷ lA > ہॴಉظ๏ͷ la Ͱ͋Δ. ͜ͷͱ͖, ύϥϝʔλ
Λ࿈ܞͤ͞Δํ๏ͱͯ͠, ࣍ͷ̐ͭͷํ๏Λࢼͨ͠.
A:ৼ෯ॲཧ༏ઌ ہॴಉظ๏ͷ laΛ, ہॴ཈੍๏ͷ lAʹஔ͖׵͑Δ.
B:ৼ෯Ґ૬ڙ༻ ύϥϝʔλมߋͳ͠. ஋Ҭ͕ඃΔ੒෼Ͱ͸, ྆ํͷॲཧΛߦ͏.
C:Ґ૬ॲཧ༏ઌ ہॴ཈੍๏ͷ lAΛ, ہॴಉظ๏ͷ laʹஔ͖׵͑Δ.
D:ৼ෯Ґ૬தؒ ہॴ཈੍๏ͷ lAͱہॴಉظ๏ͷ laΛ, ͦΕͧΕͷ஋ͷؒͷ஋ʹஔ͖
׵͑Δ. ࣮ݧͰ͸, ؆୯ʹத఺ͷ஋ͱͨ͠.
ॲཧΛߦͬͨ݁Ռ, C:Ґ૬ॲཧ༏ઌ͕, ࠷΋ྑ޷ͳ݁Ռͱͳͬͨ. Ґ૬ॲཧΛݮΒ͢, A:
ৼ෯ॲཧ༏ઌͱD:ৼ෯Ґ૬தؒͰ͸, Ի੠ͷຒ΋Εײ͕૿ڧ͠, ॲཧ݁Ռʹ෺଍Γͳ͞
Λײͨ͡. Ұํ, ৼ෯ॲཧΛ૿΍͢, B:ৼ෯Ґ૬ڙ༻Ͱ͸, Ի࣭ྼԽ͕ࣖʹ͍ͭͨ.
࣍ʹ, ύλʔϯ 3 : ہॴ཈੍๏ͷ lA < ہॴಉظ๏ͷ la Ͱ͋Δ. ͜ͷͱ͖, ύϥϝʔλ
Λ࿈ܞͤ͞Δํ๏ͱͯ͠, ࣍ͷ̐ͭͷํ๏Λࢼͨ͠.
A:ৼ෯ॲཧ༏ઌ ہॴ཈੍๏ͷ lAΛ, ہॴಉظ๏ͷ laʹஔ͖׵͑Δ.
B:ৼ෯Ґ૬ڙ༻ ύϥϝʔλมߋͳ͠. ஋Ҭ͕ඃΒͳ͍੒෼Ͱ͸, ॲཧΛߦΘͳ͍.
C:Ґ૬ॲཧ༏ઌ ہॴ཈੍๏ͷ lAΛ, ہॴಉظ๏ͷ laʹஔ͖׵͑Δ.
D:ৼ෯Ґ૬தؒ ہॴ཈੍๏ͷ lAͱہॴಉظ๏ͷ laΛ, ͦΕͧΕͷ஋ͷؒͷ஋ʹஔ͖
׵͑Δ. ࣮ݧͰ͸, ؆୯ʹத఺ͷ஋ͱͨ͠.
ॲཧΛߦͬͨ݁Ռ, B:ৼ෯Ґ૬ڙ༻͕, ࠷΋ྑ޷ͳ݁Ռͱͳͬͨ. Ґ૬ॲཧΛ૿΍͢, C:








Λ൑ఆ͢Δ͜ͱͰ, ύϥϝʔλ਺ͷ࡟ݮΛૂ͏. ·ͨ, ൑ఆʹࡍ͠, ௌ֮৺ཧϞσϧΛಋ
ೖ͢Δ.
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͜ͷௌ֮৺ཧϞσϧͱͯ͠͸,Ի੠ූ߸ԽํࣜͷҰͭͰ͋ΔMPEG-1/Audio Layer1/2





MPEG-1/Audio Psychoacoustic model 1ͷུ֓Λ, Aষʹهͨ͠.
4.2.1 ௐ೾ߏ଄ʹண໨ͨ͠ہॴ཈੍๏
ຊઅͰ͸, 4.1અͰड़΂ͨہॴ཈੍๏ (ख๏ 2)ͷήΠϯ܎਺ੜ੒Λ, ௌ֮৺ཧϞσϧͰ
ࢉग़͢Δಛ௃ྔʹΑͬͯߦ͏ 2ख๏Λݕ౼͢Δ. ୈҰͷख๏͕, ७Ի൑ఆ݁ՌΛར༻͢
Δख๏Ͱ͋Δ. ͜ΕΛख๏ 5ͱ͠, 4.2.1.2અͰड़΂Δ. ୈೋͷख๏͕, ௌ্֮ͷ֤੒෼
ͷԻྔΛར༻͢Δख๏Ͱ͋Δ. ͜ΕΛख๏ 6ͱ͠, 4.2.1.3અͰड़΂Δ.
͜͜Ͱ, ७Իͱ͸ௌ֮৺ཧϞσϧʹ͓͚ΔҎԼͷҙຯͷ੒෼Λࢦ͢. ࣌ؒྖҬͰͷ෯




෼͚ͯଊ͑Δ͜ͱΛ໨ࢦͯ͠ߏ੒͞Ε͍ͯΔ. ͢ͳΘͪ, ७Ի, ඇ७Ի, ඇՄௌԻͷ 3ͭ
ͷ੒෼Ͱ͋Δ. ͜ΕΒͷ੒෼෼ղΛ, ैདྷ͸࣌ؒํ޲ʹݻఆͷᮢ஋Ͱߦ͍ͬͯͨ. ͔͠
͠, ೖྗ৴߸͸࣌มͰ͋ΔͨΊ, ඇઢܗؔ਺ͷύϥϝʔλ΋࣌มͰ͋Δ͜ͱ͕๬·͍͠.
ͦ͜Ͱ, ௌ֮৺ཧϞσϧΛಋೖ͢Δ. ௌ֮৺ཧϞσϧ͸, ௌ্֮ͷಛ௃ྔΛࢉग़͢Δ.
ͦͷ஋Λ༻͍Δ͜ͱͰ, ͦͷ࣌۠ؒ͝ͱʹඇઢܗؔ਺ͷύϥϝʔλΛదͨ͠஋ʹͰ͖Δ
ͱߟ͑ͨ.
ௌ֮৺ཧϞσϧΛಋೖ͢Δʹ͋ͨΓ, ैདྷͷඇઢܗؔ਺ͷಛੑ (ਤ 4.6)Λ, ද 4.5ͷ
Α͏ʹղऍ͢Δ. ਤ 4.6Ͱͷ཈੍Λߦ͏ྖҬͰ͋Δ࣮ઢ࿮͸, ද 4.5ͷ࣮ઢ࿮಺ (͢ͳ
Θͪ, Ի੠, BGMͱ΋ʹඇ७Ի)Ͱ, BGMͷΤωϧΪ͕Ի੠ͷΤωϧΪʹউ͍ͬͯΔ
੒෼ͷू߹ͱͳΔ.
4.2.1.2 ख๏ 5 : ७Ի൑ఆ݁Ռͷར༻
ख๏ 2ͷඇઢܗؔ਺Ͱ͸, ᮢ஋ la, lAʹΑΓ, ೖྗ৴߸Λ७Ի, ඇ७Ի, ඇՄௌԻͷ 3
ͭͷ੒෼ͱͯ͠෼͚ͯଊ͑Δ͜ͱΛૂ͍ͬͯͨ. ͜ͷ൑ผΛ, ௌ֮৺ཧϞσϧͷ൑ఆʹ
ஔ͖׵͑Δ. ͜ΕʹΑΓ, ೖྗ৴߸ͷೖྗϨϕϧ΍प೾਺ಛੑʹ, ࣗಈతʹద߹Ͱ͖Δ
ͱࢥΘΕΔ.
ख๏ 2Ͱͷ཈੍ྔWB[i, k]͸, ࣍ͷΑ͏ʹॻ͚Δ. ϑϨʔϜ i, प೾਺Ϗϯ kʹ͓͍ͯ,
Ի੠, BGM͕ͱ΋ʹ७ԻͰ͸ͳ͘, ͔ͭ, Ի੠, BGMͷԻྔ LA[i, k], LB[i, k]͕, ࠷খ
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ද 4.5. ہॴ཈੍๏ͷඇઢܗؔ਺ͷಛੑ “◦”: ॲཧΛߦ͏ “×”: ॲཧΛߦΘͳ͍
B ७Ի × × ×
G ඇ७Ի × ◦ ×
M ඇՄௌԻ × × ×
ඇՄௌԻ ඇ७Ի ७Ի
Ի੠
Մௌ஋ATH[k]ΑΓ΋େ͖͍ͱ͖, WB[i, k] = LA[i, k] − LB[i, k]ͱ͠, ͦΕҎ֎ͷͱ͖,
WB[i, k] = 0ͱ͢Δ.
4.2.1.3 ख๏ 6 : ௌ্֮ͷ֤੒෼ͷԻྔͷར༻
ඇઢܗؔ਺ͰԻྔͷൺֱΛ͢Δʹ͋ͨΓ, ௌ্֮ͷԻྔΛ༻͍Δ͜ͱͰ, ΑΓௌײ্
Ͱదͨ͠཈੍͕ߦ͑Δ͜ͱ͕༧૝Ͱ͖Δ. ͦ͜Ͱ, ख๏ 5ͰͷLA[i, k], LB[i, k]Λ, ೖྗ
৴߸ͦΕͧΕͷௌ্֮ͷԻྔ SA[i, k], SB[i, k]Ͱஔ͖׵͑Δ.
ख๏ 6Ͱͷ཈੍ྔWB[i, k]͸, ࣍ͷΑ͏ʹॻ͚Δ. ϑϨʔϜ i, प೾਺Ϗϯ k ʹ͓
͍ͯ, Ի੠, BGM͕ͱ΋ʹ७ԻͰ͸ͳ͘, ͔ͭ, Ի੠, BGM͕ͱ΋ʹඇ७Իͷͱ͖,
WB[i, k] = SA[i, k]− SB[i, k]ͱ͠, ͦΕҎ֎ͷͱ͖, WB[i, k] = 0ͱ͢Δ.
SA[i, k], SB[i, k]͸, ྟքଳҬʹ߹Θͤͨप೾਺੒෼ͷؒҾ͖ޙͷ஋Ͱ͋ΔͨΊ, ߴ͍




ධՁ࣮ݧͱͯ͠, ख๏ 5(4.2.1.2અ), ख๏ 6(4.2.1.3અ)Ͱௌ֮৺ཧϞσϧʹج͍ͮͯੜ
੒ͨ͠ήΠϯ܎਺ͱ, ख๏ 2(4.1અ)ͷखಈௐ੔ʹΑΓੜ੒ͨ͠ήΠϯ܎਺͕, ͲΕ͚ͩ
ྨࣅ͍ͯ͠Δ͔ΛධՁ͢Δ.
ख๏ 2ͱख๏ 5,6ͦΕͧΕͷ࣮ݧॾݩ͸, ද 4.6ͱͨ͠. ख๏ 5,6͸, MPEG-1 Audio
Layer2ͷ࢓༷Ͱ࣮૷ͨ͠. ༧උ࣮ݧʹ͓͍ͯ Layer2͸, Layer1ͷ࢓༷Ͱͷॲཧ݁ՌΑ
Γ΋༏Ε͍ͯͨͨΊͰ͋Δ. Layer1Ͱ͸, ಛʹجຊप೾਺ͷมಈ͕େ͖͍࣌۠ؒͰ, ७
Ի͕ద੾ʹ൑ఆ͞Εͣ, ཈੍͕ͳ͞Εͳ͔ͬͨ.















































































































































































































































































































































































































(c) S3 : Ի੠ (ঁੑ),
BGM(ϙοϓε)
ਤ 4.10. ೖྗ৴߸ͷ࣌ؒप೾਺ฏ໘ (1:Ի੠, 2:BGM)ͱήΠϯ܎਺ (3∼5:ख๏ 2, 6:ख๏ 5, 7:ख
๏ 6)
ୈ 4 ষ Իྔؔ܎ͱௐ೾ߏ଄ʹண໨ͨ͠ݕ౼ 52
ද 4.6. εϚʔτϛΩαʔͷ࣮ݧॾݩ
ख๏ 2 ख๏ 5,6
αϯϓϦϯάप೾਺ 44.1 kHz 44.1 kHz
ྔࢠԽϏοτ਺ 16 bit 16 bit
FFT఺਺ 4096 ఺ 1024 ఺
ղੳ࣌૭ؔ਺ ϋχϯά૭ܗ 2048఺ ϋχϯά૭ܗ 1024఺
߹੒࣌૭ؔ਺ ϋχϯά૭ܗ 1024఺ ϋχϯά૭ܗ 768఺
ϑϨʔϜγϑτ 512఺ 384఺
ਤ 4.10͸, 7ߦ 3ྻͷਤͰ͋Γ, ྻํ޲Ͱ͸ಉ͡ೖྗ৴߸૊Ͱͷॲཧ݁Ռͱ࣌ؒप೾
਺ฏ໘Λ഑ஔ͠, ߦํ޲Ͱ͸ಉ͡ख๏Ͱͷॲཧ݁Ռ͔࣌ؒप೾਺ฏ໘Λ഑ஔ͍ͯ͠Δ.
֤ߦ͸, 1∼2ߦ : ࣌ؒप೾਺ฏ໘ (1 : Ի੠, 2 : BGM), 3∼5ߦ : ख๏ 2ʹ͍֤ͭͯԻ
ૉࡐͷ૊ʹ͍ͭͯௐ੔͞ΕͨύϥϝʔλʹΑΔήΠϯ܎਺ (3 : S1, 4 : S2, 5 : S3), 6∼7
ߦ : ௌ֮৺ཧϞσϧʹج͍ͮͨήΠϯϚεΫ (6 : ७Ի൑ఆ݁ՌͷΈར༻ (ख๏ 5), 7 :
ௌ্֮ͷԻྔΛར༻ (ख๏ 6))Λ഑ஔͨ͠. ֤ྻ͸, aྻ : S1, bྻ : S2, cྻ : S3Ͱͷ
ॲཧ݁Ռͱ࣌ؒप೾਺ฏ໘Λ഑ஔͨ͠. ख๏ 2ͷॲཧ݁ՌͰ, ೖྗ৴߸૊ (S1∼3)ͦΕ
ͧΕʹ͍ͭͯ࠷దͳύϥϝʔλͰͷॲཧ݁Ռ͸, S1͕ (a,3), S2͕ (b,4), S3͕ (c,5)Ͱ
͋Δ. ରԠ͢Δ͜ΕΒͷύϥϝʔλΛ, P1∼3ͱ͢Δ.
ਤ 4.10ͷഁઢ࿮ΛྫʹͱΓ, ߟ࡯Λߦ͏. ͦΕͧΕͷ࣌ؒप೾਺ฏ໘ը૾Ͱ͸, ύ
ϫʔ·ͨ͸཈੍ྔ͕େ͖͍΄Ͳࠇ͍. ήΠϯ܎਺ (a∼c,3∼7)͸, ڞ௨ͷᮢ஋−92 dBͰ
ਖ਼نԽͨ͠.
[࿮A] ͜ͷ࿮಺͸, (a,1)ͷجຊप೾਺ҎԼͷྖҬͰ͋Δ. (a,2)Ͱ͸, ͜ͷྖҬʹ੒
෼͕ଟ͘෼෍͓ͯ͠Γ, ա৒ͳ཈੍Ͱ͸Ի࣭ͷྼԽ͕஌֮͞Εͯ͠·͏. (a,3)Ͱ͸, ७
Իͷ෼෍ʹରͯ͠ۉҰʹ཈੍͕ߦΘΕ͍ͯΔ. (a,4)ͱ (a,5)Ͱ͸, جຊप೾਺੒෼ΑΓ
Լͷ੒෼Λ, ա৒ʹ཈੍ͯ͠͠·͍ͬͯΔ. (a,6)ͱ (a,7)Ͱ͸, શ͘൑ผͰ͖͍ͯͳ͍.
[࿮B] ͜ͷ࿮಺͸, (a,1)ͷແԻ۠ؒͰ͋Δ. ͜ͷྖҬͰ͸཈੍Λߦ͏΂͖Ͱ͸ͳ͍.
Ի੠ͱBGMͷύϫʔ͕ࠩେ͖͍ͨΊ཈੍ྔ͕େ͖͘ͳΓ, BGMͷύϫʔ͕େ͖͘ม
ಈͯ͠͠·͏ͨΊͰ͋Δ. (a,3∼4)Ͱ͸, 0.5 kHzҎԼͷ੒෼Λ཈੍͠ଓ͚ͯ͠·͍ͬͯ
Δ. (a,5)Ͱ͸, ७Իͷ෼෍͸ଊ͑ΒΕ͍ͯΔ͕, ա৒ʹ཈੍͞Εͯ͠·͍ͬͯΔ. (a,6)
Ͱ͸, 0.5 kHzҎԼͰ΋ద੾ʹ཈੍͍ͯ͠Δ. (a,7)Ͱ͸, 0.5 kHzҎԼͰ͸ద੾ʹ཈੍͠
͍ͯΔ͕, 2౓Πϯύϧεঢ়ʹ཈੍͍ͯ͠ΔྖҬ͕Ͱ͖ͯ͠·͍ͬͯΔ.
[࿮C] ͜ͷ࿮಺͸, (b,1)ͷجຊप೾਺੒෼͕ଘࡏ͢Δ. (b,4)Ͱ͸, ७Իͷ෼෍͕ద
੾ʹ൑ผͰ͖͍ͯΔ. (b,3)ͱ (b,6)Ͱ͸, ७Իͷύϫʔ͕ऑ͍෦෼ͷݕग़͕ෆे෼Ͱ͋
Γ, Ի੠ͷຒ΋ΕΛղফͰ͖ͳ͍. (b,5)Ͱ͸, ա৒ʹ཈੍ͯ͠͠·͍ͬͯΔ. (b,7)Ͱ͸,
શ͘൑ผͰ͖͍ͯͳ͍.
[࿮D] ͜ͷ࿮಺͸, (c,1)ͷϑΥϧϚϯτ͕ଘࡏ͢Δ. (c,5)Ͱ͸, ϑΥϧϚϯτͷΈ
ͳΒͣ, ௐ೾ߏ଄͕͸͖ͬΓ͢Δ·Ͱ཈੍ͯ͠͠·͍ͬͯΔ. ଞͷॲཧ݁Ռʹൺ΂ͯ཈
੍ྔ͕େ͖͍ͨΊ, BGMͷྼԽ͸ܹ͍͠. ͔͠͠, ͜ͷೖྗ৴߸૊͸Իྔ͕ࠩۃ୺ʹେ
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ද 4.7. ཈੍ޙͷ BGMͷ࣌ؒप೾਺ฏ໘ؒͷ dB஋ͷࠩͷઈର஋ͷฏۉ
!!!!!!!!!!ख๏
৴߸૊
S1 (dB) S2 (dB) S3 (dB)
ख๏ 2 ύϥϝʔλ P1 - 1.19 0.76
ख๏ 2 ύϥϝʔλ P2 0.73 - 0.82
ख๏ 2 ύϥϝʔλ P3 1.64 1.48 -
ख๏ 5 0.84 1.93 0.85
ख๏ 6 2.03 3.21 1.30
͖͍. ͜ͷҝ, Ի੠Λฉ͖औΔͨΊʹ, ཈੍Λڧ͘͢Δඞཁ͕͋ͬͨͷͰ͋Δ. (c,3)ͱ
(c,4)Ͱ͸, ॆ෼ͳ཈੍͕ߦΘΕ͍ͯͳ͍. (c,6)ͱ (c,7)Ͱ͸, ཈੍ྔ͸গͳ͍͕, ϑΥϧ
Ϛϯτ͸ଊ͑ΒΕ͓ͯΓ, Ի੠ͷຒ΋ΕͷղফʹޮՌ͕ظ଴Ͱ͖Δ.
ख๏ผʹ؍࡯͢Δ. ख๏ 2ͷݻఆͷύϥϝʔλͰ͸, ௐ੔ର৅ͷೖྗ৴߸૊Ҏ֎Ͱ͸,
੒෼ͷ෼෍Λॆ෼ʹଊ͖͑Ε͍ͯͳ͍. ରͯ͠ख๏ 5,6Ͱ͸, ֤ϏϯͰͷ཈੍ྔ͕Ұ༷
Ͱ, खௐ੔ʹൺ΂ͯେ͖͘ͳΔ܏޲ʹͳΔ. ͱ͘ʹ, ߴ͍प೾਺ଳҬʹͳΔ΄Ͳ,ଟ͘཈
੍͍ͯ͠Δ. 2 kHzҎԼʹݶΕ͹, Ͳͷೖྗ৴߸૊ʹରͯ͠΋, ద੾ʹ੒෼ͷ෼෍Λଊ
͑ΒΕ͍ͯΔ.
ଓ͍ͯ, ධՁؔ਺Λ༻͍ͯධՁ͢Δ. ήΠϯ܎਺ͷධՁͱͯ͠, ཈੍ޙͷ BGMͷ࣌
ؒप೾਺ฏ໘ؒͷ, ֤࣌ؒप೾਺Ϗϯͷ dB஋ͷࠩͷઈର஋ͷฏۉΛ, શप೾਺੒෼Λ
ର৅ͱͯ͠ࢉग़ͨ͠. ख๏ 2Ͱ৴߸૊ʹରͯ͠खௐ੔ͨ͠ύϥϝʔλͰͷॲཧ݁Ռͱ,
ͦΕҎ֎ͷख๏Ͱͷॲཧ݁ՌΛධՁ͢Δ. ධՁ͢Δ࣌ؒप೾਺ฏ໘͸, ࣌ؒྖҬ৴߸͔
ΒಉҰͷॾݩ (ख๏ 5,6ͱಉ͡ઃఆ) Ͱ࠶ͼੜ੒ͨ͠. ͜Ε͸, ख๏ 2ͱख๏ 5,6ͱͰ, ࣮
ݧॾݩ͕ҟͳΔͨΊ, ήΠϯ܎਺ಉ࢜Λ୯७ʹൺֱͰ͖ͳ͍͜ͱ΁ͷରॲͰ͋Δ.
ࢉग़݁ՌΛ, ද 4.7ʹࣔ͢.
ද 4.7ͱਤ 4.10Λൺֱͯ͠ߟ࡯͢Δ. ख๏ 5,6͸, ήΠϯ܎਺Ͱண໨Λͨ͠ 2 kHzΑ
Γ௿͍ଳҬͰ͸, Ͳͷ৴߸૊ʹରͯ͠΋ฏۉతʹಛ௃Λଊ͑ΒΕ͍ͯΔ. ͔͠͠, શ࣌
ؒप೾਺ϏϯΛର৅ͱͨࠩ͠ͷઈର஋ͷฏۉͰ͸, ख๏ 2ʹٴ͹ͳ͔ͬͨ.
͜ͷཧ༝ͱͯ͠, ߴ͍प೾਺ͷྖҬͰ, ΑΓଟ͘཈੍͍ͯ͠Δ͜ͱ্͕͛ΒΕΔ. ௌ
֮৺ཧϞσϧͰ͸, ߴ͍प೾਺੒෼ʹͳΔ΄ͲؒҾ͖͕޿͘ͳΓ, ॲཧ͕͓͓·͔ʹͳ
Δ. ͜ͷͨΊ, Θ͔ͣͳඇ७ԻʹΑͬͯ޿͍ྖҬͷ཈੍͕ߦΘΕ, ૯ྔͱͯ͠ͷ཈੍ྔ
͕େ͖͘ͳ͍ͬͯΔ.




·ͨ, ࠓճͷख๏ 5,6Ͱ͸, શଳҬΛΈͨͱ͖ͷεϖΫτϧͷόϥϯεͷมԽ, લޙͷ








ͦ͜Ͱ, ७Ի൑ఆΛج४ʹͨ͠཈੍৚݅ͷ௥ՃΛݕ౼ͨ͠. ݕ౼ͨ͠཈੍৚݅͸, Ҏ
Լͷ̏ͭͰ͋Δ. ୈҰʹ, ७Ի൑ఆͷൺֱʹ༻͍Δप೾਺ଳҬ (ύϥϝʔλͳ͠). ୈೋ
ʹ, ७Ի͔Β্Լ೚ҙ barkͷଳҬ (ύϥϝʔλ̎ͭ). ୈࡾʹ, ७Իʹྡ઀͢Δ೚ҙͷ਺
ͷ্Լप೾਺Ϗϯ (ύϥϝʔλ̎ͭ).
͜ͷ̏ͭʹ͍ͭͯॲཧΛߦͬͨ݁Ռ, ୈҰͷ७Ի൑ఆͷൺֱʹ༻͍Δप೾਺ଳҬ (ύ
ϥϝʔλͳ͠)ͷ੍ݶΛߦͬͨͱ͖, 50 Hz͔Β 5 kHzఔ౓·Ͱ, όϥϯεΑ͘཈੍͢Δ
͜ͱ͕Ͱ͖ͨ.
࢒Γͷ̎ͭ (ୈೋͷ७Ի͔Β্Լ೚ҙ barkͷଳҬ, ୈࡾͷ७Իʹྡ઀͢Δ೚ҙͷ਺ͷ
্Լप೾਺Ϗϯ)ʹ͍ͭͯ͸, ύϥϝʔλௐ੔͕ඞཁʹ΋߆Βͣ, Ͳͷύϥϝʔλ૊Ͱ
΋, ௿ԻҬ (1 kHzΑΓ௿͍प೾਺ଳҬ)ͱߴԻҬ (2 kHzΑΓߴ͍प೾਺ଳҬ) ͱͰ, ཈
੍͕ߦΘΕΔྖҬͷόϥϯεΛͱΔ͜ͱ͕Ͱ͖ͳ͔ͬͨ.
ୈೋͷվྑͱͯ͠, ཈੍ྔݮগྔ੍ݶΛݕ౼͢Δ. ख๏ 5,6Ͱ஌֮͞ΕΔԻ࣭ྼԽײ
ͷҰͭʹ, ա৒ͳԻྔมಈײ͕͋Δ. ͜Ε͸, ہॴతͳ཈੍ॲཧ͕ݪҼͰ͋Δ. ͦ͜Ͱ,
࣌ؒํ޲ʹ׈Β͔ʹ཈੍ྔ͕มԽ͢ΔΑ͏ͳ޻෉Λࢪ͢͜ͱʹͨ͠.
࣌ؒํ޲ʹ׈Β͔ʹ͢Δʹ͸, લޙϑϨʔϜͰͷ཈੍ྔͱฏۉΛͱΔΑ͏ͳॲཧΛߦ










ϨʔϜ iͰͷ཈੍ྔWB[i, k]ͷࠩ෼∆WB[i, k]Λࢉग़. ∆WB[i, k] = WB[i, k]−WB[i−1, k]
ͱ͢Δ.
཈੍ྔݮগྔ੍ݶ஋ ∆WB[i, k]LΛઃఆ͠, ∆WB[i, k]L < ∆WB[i, k]ͷͱ͖, ཈੍ྔ
WB[i, k] = ∆WB[i, k]
Lͱ͢Δ. ͨͩ͠, XA[i, k]͕७ԻͰ͋Δͱ͖, ཈੍ྔWB[i, k] = 0
ͱ͢Δ.
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ද 4.8. ہॴಉظ๏ͷඇઢܗؔ਺ͷಛੑ “◦”: ॲཧΛߦ͏ “×”: ॲཧΛߦΘͳ͍
B ७Ի × × ◦
G ඇ७Ի × × ◦












ੜ੒Ͱ͖Δ͜ͱ͕֬ೝͰ͖ͨ. ͔͠͠, ཈੍ྔશମͱͯ͠͸ա৒Ͱ͋ͬͨ. ಛʹߴ͍प
೾਺ଳҬͰ཈੍ྔ͕ଟ͘ͳΔ܏޲͕֬ೝ͞Εͨ.
4.2.2 ௐ೾ߏ଄ʹண໨ͨ͠ہॴಉظ๏
ຊઅͰ͸, 4.1ষͰड़΂ͨہॴಉظ๏ (ख๏ 3)ͷಉظ܎਺ͷੜ੒Λ, ௌ֮৺ཧϞσϧͰ
ࢉग़͢Δಛ௃ྔʹΑͬͯߦ͏ํ๏Λݕ౼͢Δ.
4.2.2.1 ہॴಉظ๏ͷඇઢܗؔ਺΁ͷௌ֮৺ཧϞσϧͷಋೖ
4.1ষͰݕ౼ͨ͠ہॴಉظ๏ (ख๏ 3)ͷඇઢܗؔ਺΋, ہॴ཈੍๏ (ख๏ 2)ͷඇઢܗ
ؔ਺ͱಉ༷ʹ, ֤ೖྗ৴߸Λ७Ի, ඇ७Ի, ඇՄௌԻͷ 3ͭͷ੒෼ʹ෼͚ͯଊ͑Δ͜ͱ
͕Ͱ͖Δ. ͦ͜Ͱ, ہॴಉظ๏ʹ͍ͭͯ΋ 4.2.1અͰड़΂ͨہॴ཈੍๏ͱಉ༷ͷखॱͰ,
MPEG-1 Audio Layer2ͷௌ֮৺ཧϞσϧΛಋೖ͢Δ.
ௌ֮৺ཧϞσϧΛಋೖ͢Δʹ͋ͨΓ, ैདྷͷඇઢܗؔ਺ͷಛੑΛ, ද 4.8ͷΑ͏ʹղ
ऍ͢Δ. ೖྗ৴߸ͷύϫʔͷᮢ஋ la, lA, lb, lBͰ࢓੾ΒΕΔྖҬΛ, ७Ի, ඇ७Ի, ඇՄௌ
ԻͷྖҬͰ͋Δͱղऍ͢Δ. ͜ͷಡΈସ͑ʹΑΓ, Ґ૬ॲཧΛߦ͏ྖҬ͸ද 4.8ͷ࣮ઢ
࿮಺ (͢ͳΘͪ, Ի੠͕७Ի, BGM͕७Ի͔ඇ७Ի) ͱͳΔ.
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ද 4.9. ہॴ཈੍๏ͱہॴಉظ๏ͷྑ޷ͳ૊Έ߹Θͤ๏
“ہॴ཈੍๏”: ہॴ཈੍๏Λߦ͏ “ہॴಉظ๏”: ہॴಉظ๏Λߦ͏ “×”: ॲཧΛߦΘͳ͍
B ७Ի × × ہॴಉظ๏
G ඇ७Ի × ہॴ཈੍๏ ہॴಉظ๏
M ඇՄௌԻ × × ×
ඇՄௌԻ ඇ७Ի ७Ի
Ի੠
4.2.2.2 ख๏ 7 : ७Ի൑ఆ݁Ռͷར༻
ہॴಉظ๏ͷඇઢܗؔ਺Ͱ͸, ᮢ஋ la, lA, lb, lBʹΑΓ, ೖྗ৴߸Λ७Ի, ඇ७Ի, ඇՄ
ௌԻͷ 3ͭͷ੒෼ͱͯ͠, ෼͚ͯଊ͑Δ͜ͱΛૂ͍ͬͯͨ. ͜ͷ൑ผΛ, ௌ֮৺ཧϞσ
ϧͷ൑ఆʹஔ͖׵͑Δ. ͜ΕʹΑΓ, ೖྗ৴߸ͷೖྗϨϕϧ΍प೾਺ಛੑʹࣗಈతʹద
߹Ͱ͖Δ͜ͱ͕ظ଴Ͱ͖Δ. ͜ͷख๏Λख๏ 7ͱͯ͠ݕ౼͢Δ.
ຊख๏Ͱ͸, ಉظ܎਺MB[i, k]Λ, ࣍ͷΑ͏ʹࢉग़͢Δ. ϑϨʔϜ i, प೾਺Ϗϯ
k ͱͦͷ্Լ 1Ϗϯͷ͏ͪ 1ϏϯҎ্ͷԻ੠͕७ԻͰ͋Γ, ͔ͭ, Ի੠, BGM ͷͦ
ΕͧΕͷԻྔ LA[i, k], LB[i, k]͕, ࠷খՄௌ஋ ATH[k]ΑΓ΋େ͖͍ͱ͖, MB[i, k] =




ख๏ 8ͱͯ͠, ௌ֮৺ཧϞσϧΛಋೖͨ͠ہॴ཈੍๏ (ख๏ 5)ͱہॴಉظ๏ (ख๏ 7)
ͱΛ࿈ܞͨ͠ख๏Λݕ౼͢Δ.





















ॲཧ݁ՌΛվྑ͢Δํ๏ͱͯ͠, ҎԼͷ 3͕ͭߟ͑ΒΕΔ. ୈҰʹ, ख๏ 8Ͱ७Իͱ
ͯ͠ଊ͑ΔྖҬͱ্ͯ͠Լप೾਺Ϗϯͱ͍ͯ͠Δͱ͜ΖΛݟ௚͢. ୈೋʹ, ΑΓߴ͍प
೾਺ଳҬͰ΋ॲཧ͕ߦ͑ΔΑ͏, ७Ի൑ఆ΍༗Ի൑ఆΛௐ੔͢Δ. ୈࡾʹ, Իͷҹ৅ʹ
ؔ͢Δಛ௃ྔ (ྫ͑͹, εϖΫτϧηϯτϩΠυ)Λอ࣋͢ΔΑ͏ͳػߏΛ΋ͨͤΔ.
4.2.3.2 ॲཧྫͱߟ࡯





ہॴಉظ๏Ͱ͸, ॲཧΛߦ͏੒෼Λ, ७Իͱ൑ఆ͞Εͨ࣌ؒप೾਺੒෼ͱ, ͦͷ্Լ
प೾਺ํ޲ʹྡ઀͢Δ੒෼ͱͨ͠.
࣌ؒप೾਺ฏ໘Λ؍࡯͢Δ. ೖग़ྗ৴߸ͷ࣌ؒप೾਺ฏ໘ը૾ͱ, ख๏ 8 ʹΑͬͯੜ
੒͞Εͨ, ήΠϯ܎਺ٴͼҐ૬ॲཧ൑ఆΛ, ਤ 4.11ʹ 7ߦ 3ྻͷਤͱͯࣔ͢͠. ྻํ޲
ʹ͸, ಉ͡ೖྗ৴߸ηοτ (ྻ aɿS1, ྻ bɿS2, ྻ cɿS3)ͷը૾Λ഑ஔͨ͠. ߦํ޲ʹ
͸, ಉ͡छྨͷը૾Λ഑ஔͨ͠. ্͔Β, ೖྗ৴߸ͷ࣌ؒप೾਺ฏ໘ (ߦ 1ɿԻ੠, ߦ 2ɿ
BGM), ہॴ཈੍๏ͷήΠϯ܎਺ (ߦ 3), ہॴಉظ๏ͷҐ૬ॲཧ൑ఆ (ߦ 4), ग़ྗ৴߸ͷ
࣌ؒप೾਺ฏ໘ ( ߦ 5ɿ୯७Ճࢉ, ߦ 6ɿৼ෯ॲཧͷΈ, ߦ 7ɿৼ෯ʴҐ૬ॲཧ (ख๏ 8) )
Ͱ͋Δ. ͜ΕΒͷ࣌ؒप೾਺ฏ໘ը૾Ͱ͸, ύϫʔ·ͨ͸ॲཧྔ͕େ͖͍΄Ͳࠇ͍. ߦ
3ͷήΠϯ܎਺͸, ڞ௨ͷᮢ஋−92 dBͰਖ਼نԽͨ͠. ߦ 4ͷҐ૬ॲཧ൑ఆ͸, ന (ॲཧ
on)ͱࠇ (ॲཧ oﬀ)ͷ 2஋Ͱ͋Δ.
ਤ 4.11ͷഁઢ࿮ΛྫʹͱΓ, ߟ࡯Λߦ͏.
ഁઢ࿮ A1∼3ͷ࿮಺Ͱ͸, ૂ͍௨Γͷॲཧ݁Ռͱͳ͍ͬͯΔ. ήΠϯ܎਺ (ߦ 3), Ґ
૬ॲཧ൑ఆ (ߦ 4)ͱ΋ʹ, ௐ೾ߏ଄ͷಛ௃Λ൑ผͰ͖͍ͯΔ. Ұํ, ୯७Ճࢉ (ߦ 5)ͱ
ήΠϯ܎਺ͷద༻݁Ռ (ߦ 6)Λൺֱͨ࣌͠, ޙऀͰ͸ന͍ (ύϫʔͷऑ͍)ྖҬ͕૿͑
͍ͯΔ. ͜ͷมԽʹΑΓ, Ի੠ (ߦ 1)ͷύϫʔͷ෼෍ͷೱ୶ͷಛ௃͕, ࡍཱ͍ͬͯΔ. ͞
Βʹ, Ґ૬ॲཧΛࢪ͢ (ߦ 7)͜ͱͰ, ύϫʔͷখ͍͞७Ի੒෼·Ͱࡍཱͬͨ.






















































































































































































































































































































































































































































(c) S3 : Ի੠ (ঁੑ),
BGM(ϙοϓε)
ਤ 4.11. ೖྗ৴߸ͷ࣌ؒप೾਺ฏ໘ (1:Ի੠, 2:BGM), ήΠϯ܎਺ (3), Ґ૬ॲཧ൑ఆ (4), ॲཧ
݁Ռͷ࣌ؒप೾਺ฏ໘ (5:୯७Ճࢉ, 6:ৼ෯ॲཧͷΈ, 7:ৼ෯ॲཧͱҐ૬ॲཧͷ࿈ܞ (ख๏ 8))
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Ұํ, ഁઢ࿮B2ͷ࿮಺Ͱ͸, ૂ͍͔Β֎Εͨॲཧ݁Ռͱͳ͍ͬͯΔ. Ի੠ͷ࣌ؒप೾
਺ฏ໘ (ߦ 1)ͱҐ૬ॲཧ൑ఆ (ߦ 4)Λൺֱ͢Δͱ, ௐ೾ߏ଄ͷಛ௃͕ଊ͑ΒΕ͍ͯͳ͍
͜ͱ͕Θ͔Δ. Ի੠ͷ࣌ؒप೾਺ฏ໘ (ߦ 1)ΑΓ, ͜ͷྖҬͷجຊप೾਺͸, ಛʹ௿͍.
جຊप೾਺͕௿͍ͱ, प೾਺ํ޲Ͱͷύϫʔͷେখͷִ͕ؒڱ͍. ͜ͷͨΊ, ७Ի൑ఆ
ʹඞཁͰ͋ͬͨप೾਺ଳҬ಺Ͱͷύϫʔ͕ࠩ, ຒ΋Ε͍ͯΔͱߟ͑ΒΕΔ. ද 4.10ͷॾ
ݩͰͷ FFT఺਺ (1024఺)Ͱ͸, प೾਺෼ղೳ͕ෆ଍͢Δ͜ͱ͕Θ͔ͬͨ.
4.3 Ի࣭ʹ഑ྀͨ͠ௐ೾ߏ଄ʹண໨ͨ͠ख๏ (ఏҊ๏A)
ຊষͰ͸, 4.2અͰͷݕ౼Ͱಘͨ஌ݟΛݩʹ, Ի࣭ʹ഑ྀͨ͠ௐ೾ߏ଄ʹண໨ͨ͠ख






͕, ࠞ߹ޙͰ΋ҡ࣋͞ΕΔ͜ͱ͕ॏཁͰ͋Δͱߟ͑ͨ. ఏҊ๏AͰ͸, εϖΫτϧભҠ
ύλʔϯͰॏཁͳཁૉͱͯ͠ௐ೾ߏ଄ʹண໨ͨ͠. Ի੠ͷௐ೾ߏ଄͕, ϛΩγϯάޙͰ
ͷ࣌ؒप೾਺ฏ໘্Ͱ΋ௐ೾ߏ଄ͱͳΔΑ͏ʹ, ྆৴߸΁ͷήΠϯΛܭը͢Δ.
ຊख๏Ͱ͸, ௐ೾ߏ଄Λଊ͑Δػߏͱͯ͠, Ի੠ѹॖͷ 1ख๏Ͱ͋ΔMPEG-1 Audio
ͷௌ֮৺ཧϞσϧΛ༻͍Δ. MPEG-1 AudioͰ͸ଳҬ͝ͱͷϏοτׂΓ౰ͯΛ, ௌ্֮
Ͱ༏Ґͳ७Ի͕ଘࡏ͢ΔଳҬʹ༏ઌతʹଟ͘഑෼͢Δ.
஌ݟͱͯ͠, Ի੠ͱ BGMͷԻྔ͕ಉ͡Ͱ͋ΔͱԻ੠͕ຒ΋Εͣฉ͖औΕΔ͜ͱ͕,
༧උ࣮ݧʹΑͬͯΘ͔͍ͬͯΔ. ͦ͜Ͱ, ຊख๏Ͱ͸Ի੠ͷॏཁͳप೾਺ଳҬͰ, Ի੠
ͱBGM͕ಉ͡Իྔʹ͢ΔͷΛ໨ඪ஋ͱ͍ͯ͠Δ.







ຊख๏ͷϒϩοΫਤΛ, ਤ 4.12ʹࣔ͢. ຊख๏͸, 2ͭͷϞϊϥϧೖྗ (༏ઌ౓ͷߴ͍
ॱʹ xA[n], xB[n])ͱ, 1ͭͷϞϊϥϧग़ྗ y[n]Λ༗͢Δ. ͜͜Ͱ, nΛ࣌ؒαϯϓϦϯ
ά൪߸ͱ͢Δ. Ի੠ͱBGMͱΛࠞ߹͢Δ৔߹ʹ͸, Ի੠͕༏ઌ౓ͷߴ͍ೖྗ৴߸Ͱ͋



























Γ, BGM͕༏ઌ౓ͷ௿͍ೖྗ৴߸Ͱ͋Δ. XA[i, k], XB[i, k], Y [i, k]͸, ֤৴߸ͷ࣌ؒप
೾਺ฏ໘্ͷҐஔ [i, k]Ͱͷ, ୹࣌ؒϑʔϦΤม׵஋Ͱ͋Δ. ͜͜Ͱ, i͸࣌ؒϑϨʔϜ
൪߸, k͸प೾਺Ϗϯ൪߸Ͱ͋Δ. XA[i, k]΁ͷήΠϯ܎਺WA[i, k], XB[i, k]΁ͷήΠϯ
܎਺WB[i, k] Λࢉग़͢Δඇઢܗؔ਺Λ, FW (XA[i, k], XB[i, k])ͱ͢Δ. ଓ͍ͯ, YA[i, k]
ͱ YB[i, k]ΛXA[i, k]ͱXB[i, k]ʹWA[i, k]ͱWB[i, k]ΛͦΕͧΕ৐ࢉ͢Δ͜ͱͰੜ੒
͠, ग़ྗ৴߸ͷ࣌ؒप೾਺දݱ Y [i, k]Λ Y [i, k] = YA[i, k] + YB[i, k]ͱ͢Δ. ࠷ޙʹ, ͜
ͷ Y [i, k]΁ͷٯ୹࣌ؒϑʔϦΤม׵ʹΑΓ, ग़ྗ৴߸ y[n]ΛಘΔ.
ඇઢܗؔ਺FW (XA[i, k], XB[i, k])ʹ͍ͭͯड़΂Δ. Ի੠Λຒ΋Εͤ͞ͳ͍໨తΛୡ੒
͢ΔͨΊʹ, ख๏Ͱ͸Իͷ஌֮ʹয఺Λ౰ͯͨ. Ի੠ͱ BGMͷ஌্֮ͷҧ͍͸, ࣌ؒ
प೾਺෼෍ͷ࣌ؒมԽύλʔϯʹؔ܎͍ͯ͠Δ. ௌ্֮ॏཁͳ࣌ؒप೾਺੒෼Λநग़
͢ΔͨΊͷํ๏ͷҰͭͱͯ͠, MPEG-1 audioʹؚ·ΕΔௌ֮৺ཧϞσϧ [59, 60]͕͋
Δ. ೖྗ৴߸Λฉͨ͘Ίʹॏཁͳ੒෼ͷԻ࣭Λҡ࣋͢Δͱ͍͏఺Ͱ, Ի੠σʔλͷѹॖ
ͱख๏͸໨త͕ڞ௨͍ͯ͠Δ. ैͬͯ, ຊख๏͸੒෼Λڧௐ, ཈੍·ͨ͸ෆมͱ͢΂͖
͔Λ൑அ͢ΔͨΊʹ, MPEG-1 Audioͷௌ֮৺ཧϞσϧʹؚ·ΕΔ७Ի൑ఆͱ༗Ի൑
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ఆΛ༻͍Δ. ͳ͓Մௌ൑ఆ͸, ೖྗ৴߸ͷϨϕϧʹ௥ਵ͢ΔͨΊʹ֦ுͨ͠.
७Ի൑ఆCtm[X, i, k] (Boolean)͸, ࣜ (4.7), (4.8)Ͱ༩͑ΒΕΔ. ͜͜Ͱ, LdB[X, i, k]
͸X[i, k]ͷ dB஋Ͱ͋Δ.
Ctm[X, i, k] =⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
1
⎛⎜⎝ LdB[X, i, k] > LdB[X, i, k′]∧ LdB[X, i, k] > LdB[X, i, k′′] + 7,






−2, 2 (2 < k < 63)
−3,−2, 2, 3 (63 ≤ k < 127)
−6, · · · ,−2, 2, · · · , 6 (127 ≤ k < 255)
−12, · · · ,−2, 2, · · · , 12 (255 ≤ k ≤ 500)
. (4.8)
∆k͸, प೾਺ଳҬͰ஋͕ҟͳΔ. ͜͜ʹ, ྟքଳҬͷप೾਺ଳҬͰͷ֦͕Γͷҧ͍͕൓
ө͞Ε͍ͯΔ.
༗Ի൑ఆ͸, MPEG1 Audio Psychoacoustic model 1[59, 60, 61, 62]ͷՄௌ൑ఆΛݩ
ʹͨ͠. Մௌ൑ఆ͸, ࠷খՄௌ஋ (ATH, absolute threshold of hearing)[60]ͷԻྔ஋ͱ
ͷൺֱͰߦΘΕΔ. ࠷খՄௌ஋͸, ࣜ (4.9)ͱ (4.10)Ͱ༩͑ΒΕΔ.
ATH[f ] = 3.64 (f/1000)−0.8 − 6.5e−0.6(f/1000−3.3)2
+10−3 (f/1000)4 (dB SPL) , (4.9)
CATH[X, i, k] =⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
1
⎛⎜⎝LdB[X, i, k] + pATH >ATH[k] + LAdB[X, i]− prange




͜͜Ͱ, LA[X, i]͸X[i, k]ͷશप೾਺ϏϯͰͷฏۉ࣌ؒ pAt (ຊߘͰ͸ 60 ms)Ͱͷฏۉ




࣍ʹ, XA[i, k], XB[i, k]Λ, ७Ի൑ఆͱ༗Ի൑ఆͷ૊Έ߹Θ͔ͤΒ, Dtm, Dtn, Dnm,
Dnaͷ 4छྨʹ෼ྨ͢Δ. Dtm, Dtn, Dnm, Dna͸, ͦͷछྨͰ͋Δ͔൱͔ͷ൑ఆ݁Ռͱ
͠, Boolean஋Ͱද͢΋ͷͱ͢Δ. ͜͜Ͱఴࣈ͸, ҎԼͷ༻ޠͷུޠͱ͢Δ.
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ද 4.11. ৺ཧԻڹϞσϧʹج͍ͮͨ੒෼ͷ෼ྨʹΑΔ, 4ͭͷॲཧΛ੾Γସ͑ΔͨΊͷ৚݅ͷ
ςʔϒϧ
Priority input : voice (XA)
Dna Dnm Dtn Dtm
Nonpriority input ¬Dna Snm Stn Stm
: BGM (XB) Dna Sna
Dtm the tonal masker
Dtn the neighbor of the tonal masker
Dnm the noise masker excluding tonal masker and neighbor of tonal masker
Dna not audible
4छྨͷ൑ఆ͸, ࣜ (4.11)-(4.14)ͰಘΔ.




Ctm[X, i, k + k
′′′]
∧CATH[X, i, k + k′′′]
)
, (4.11)




Ctm[X, i, k + k
′′′]
∧CATH[X, i, k + k′′′]
)
∧¬Dtm[X, i, k], (4.12)
Dnm[X, i, k] = CATH[X, i, k]
∧¬Dtm[X, i, k] ∧ ¬Dtn[X, i, k], (4.13)
Dna[X, i, k] = ¬CATH[X, i, k]
∧¬Dtm[X, i, k] ∧ ¬Dtn[X, i, k]. (4.14)
4छྨͷ੒෼͸ͦΕͧΕҎԼͷҙຯ߹͍Λ࣋ͭ. Dtm͸, ղੳ૭ؔ਺ͷϝΠϯϩʔϒ





ଓ͍ͯ, ೖྗ৴߸ؒͰͷ 4छྨͷ੒෼൑ఆDtm, Dtn, Dnm, Dnaͷ૊Έ߹ΘͤΛࢉग़͢
Δ. ήΠϯ܎਺ͷࢉग़͸, ֤ೖྗ৴߸ͷ෼ྨ݁Ռͷ૊Έ߹ΘͤͰҟͳΔؔ਺Ͱߦ͏. ද
4.11ʹ, ֤ೖྗ৴߸ͷ෼ྨ݁Ռͷ૊Έ߹Θͤͱؔ਺ͷରԠΛࣔ͢. ͜ΕΒͷ૊Έ߹Θͤ
͝ͱʹ, ؔ਺ΛҟͳΔ΋ͷͱ͢Δ͜ͱͰ, ෼ྨ݁ՌͷؒʹԻྔࠩΛ࡞Γग़͢. ෼ྨ݁Ռ
Ͱͷؔ܎͕, Ի੠ͷॏཁͳߏ੒ཁૉ͕ϛΩγϯάޙʹฉ͑͜Δ͔Ͳ͏͔Λܾఆ͢Δ͔Β
Ͱ͋Δ.
WA[i, k], WB[i, k]͸, ࣜ (4.16)-(4.18)Ͱࢉग़͢Δ. Flim(g, l, u)͸Ϧϛοτؔ਺Ͱ͋Γ,
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ද 4.12. gA, gBͷઃఆ
Situations Stm Stn Snm Sna










্ݶ uͱԼݶ lʹΑΓ, gΛ uͱ lͷؒͷ஋ʹ੍ݶ͢Δ.
Flim(g, l, u) =
⎧⎪⎪⎨⎪⎪⎩
u u < g
g l ≤ g ≤ u
l g < l
(4.15)





f [XA, i, k] + Lf [XB, i, k]








f [XA, i, k] + Lf [XB, i, k]













Lf [X, i, k]͸࣌ؒप೾਺දݱͷۙ๣प೾਺ଳͰͷฏۉԽύϫʔͰ͋Γ, ଳҬ෯͸༧උ
࣮ݧΑΓ 1ΦΫλʔϒͱͨ͠. laf͸, εϖΫτϧแབྷʹର͢Δۃ୺ͳڧௐΛආ͚ΔͨΊ
ͷ, ήΠϯ܎਺ͷ੍ݶύϥϝʔλͰ͋Δ. lpb(ຊߘͰ͸, 4.8)͸, ૯ύϫʔͷٸܹͳมௐ
Λආ͚ΔͨΊͷ, ήΠϯ܎਺΁ͷ੍ݶύϥϝʔλͰ͋Δ. gA, gB͸, ࠞ߹ޙͷ֤࣌ؒप
೾਺੒෼ʹ͓͍ͯ, ͍ͣΕ͔ͷೖྗ৴߸ʹྨࣅ͢Δ͔ͷόϥϯεΛௐ੔͢ΔήΠϯ܎਺
Ͱ͋Δ. gA, gBͷઃఆΛ, ද 4.12ʹࣔ͢. ͜ΕΒͷઃఆͰྑ͍ޮՌ͕ಘΒΕΔ͜ͱΛ,
༧උ࣮ݧʹΑΓ֬ೝ͍ͯ͠Δ. ͜͜Ͱ, gtm(ຊߘͰ͸ 4), gnm(ຊߘͰ͸ 0.8)͸, ରԠ͢Δ
੒෼ͰͷήΠϯͰ͋Δ.
࠷ޙʹWA[i, k], WB[i, k]͸, ฏۉ࣌ؒ pt(ຊߘͰ͸ 60 ms)Ͱฏ׈Խ͢Δ. ͜ͷฏ׈Խ
ʹΑΓ, ϛϡʔδΧϧϊΠζ͕վળ͞ΕΔ.
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ද 4.13. ೖྗ৴߸૊ 3ηοτͷઃఆ
Standard Volume
Set Contents deviation diﬀerence
1













͸ 3ηοτ༻ҙͨ͠. 3ηοτ͸, Ի੠ʹ͍ͭͯ಺༰ͱ࿩ऀ͕, BGMʹ͍ͭͯδϟϯϧ
͕ҟͳΔ. ࿩ऀ͸உੑ 2໊ঁੑ 1໊Ͱ͋Δ. ೖྗ৴߸૊ͷઃఆΛ, ද 4.13 [55, 56]ʹࣔ
͢. ͜ΕΒͷ৴߸͸, લ൒͸Ի੠ͷΈ͕͋Γ, ޙ൒͸Ի੠ͱBGMͷ྆ํ͕͋Γ, ͦΕͧ




Sampling frequency (FS) 44100 Hz
Samples of FFT (NFFT) 1024
Samples of frame shift 384
Type of analyze window Hanning
Samples of analyze window 1023
Type of synthesize window Hanning
Samples of synthesize window 767
ਤ 4.13ʹ, ఏҊ๏Aͷಛ௃͕ݦஶͰ͋Δ࣌ؒप೾਺ฏ໘Λࣔ͢. BGMʹΑͬͯຒ΋
ΕΔ͜ͱͳ͘, Ի੠͕ฉ͑͜ΔͨΊʹ͸, Ի੠ͷεϖΫτϧભҠύλʔϯ͕, ࠞ߹ޙͷ
࣌ؒप೾਺ฏ໘Ͱ΋ݟ͑Δඞཁ͕͋Δ. ͜͜Ͱ, ୯७Ճࢉͷ࣌ؒप೾਺ฏ໘ (4.13(c))Ͱ
͸, Ի੠ͷεϖΫτϧભҠύλʔϯ͕ݟ͑ͳ͍. Ұํ, ఏҊ๏A(4.13(c))Ͱ͸, Ի੠ͷε
ϖΫτϧભҠύλʔϯ͕ݟ͑Δ. ·ͨ, BGMͷεϖΫτϧભҠύλʔϯ΋, ఏҊ๏ A
Ͱ͸໌ྎʹ࢒͍ͬͯΔ.















































ਤ 4.13. ೖྗ৴߸Ληοτ 1ͱͨ͠ͱ͖ͷ, ೖग़ྗ৴߸ͷ࣌ؒप೾਺ฏ໘. a,b : ೖྗ৴߸ (a :
Ի੠, b: BGM), c.d : ग़ྗ৴߸ (c : ୯७Ճࢉ, d : ఏҊ๏A)




Δͱ͖, Ի੠΁ͷڧௐͷ۩߹͕ BGMͷԻྔͱ࿈ಈ͢Δ. ͜ͷͱ͖, Իྔมಈײʹௌऔ
ͷҙ͕ࣝҾ͖ͣΒΕ, Ի੠ͷௌ͖औΓ΍͢͞, Ի࣭͕ྼԽ͢Δ. ਤʹࣔ࣌۠ؒ͢Ͱ͸, ఏ
Ҋ๏AͰBGMͷԻྔมಈʹ࿈ಈͨ͠ԻྔมԽʹΑΔԻ࣭ྼԽΛܰݮͰ͖͍ͯΔ.
ॲཧ݁Ռʹ͍ͭͯ, ௌऔ࣮ݧΛߦͬͨ. ධՁର৅ͷԻ৴߸͸, 9ͭͷϛΩγϯά݁Ռ
Ͱ͋Δ. ද 4.13ʹࣔ͢ 3ηοτΛ, ୯७Ճࢉ (B), ैདྷ๏ͱͯ͠ఏҊ๏Aͷ࣌ෆมΠί
ϥΠβۙࣅ (C), ఏҊ๏A(S)Ͱॲཧͨ͠. ΠίϥΠβۙࣅͷ࣮ݧॾݩΛද 4.16ʹࣔ͢.
ఏҊ๏AʹରԠ͢Δैདྷ๏ͷ৴߸C͸, ఏҊ๏Aͷग़ྗ৴߸ͱڱଳҬεϖΫτϩά
ϥϜ͕౳͘͠ͳΔΑ͏ʹੜ੒ͨ͠. ڱଳҬεϖΫτϩάϥϜΛਤ 4.14ʹࣔ͢. ॲཧޙ
ͷඪ४ภࠩΛ, ද 4.17ʹࣔ͢. ଓ͍ͯ, ୯७Ճࢉͱൺֱͯ͠ͷԻྔ૿ՃྔΛ, ද 4.18ʹ
ࣔ͢. ఏҊ๏A͸, ରԠ͢ΔΠίϥΠβۙࣅΑΓ΋୯७ՃࢉBʹରͯ͠ͷԻྔมԽྔ͕
গͳ͍. ·ͨ, 3ηοτͰͷ Perceptual SNRͷ૿ՃΛ, ද 4.19ʹࣔ͢. ఏҊ๏A͸, Π
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ද 4.15. ௌऔ࣮ݧͰͷMOS஋ͷઃఆ
Point Impairment
5 Degradation is inaudible
4 Degradation is audible but not annoying
3 Degradation is slightly annoying
2 Degradation is annoying
1 Degradation is very annoying
ද 4.16. ఏҊ๏AͷΠίϥΠβۙࣅͷ࣮ݧॾݩ
Sampling frequency (FS) 44100 Hz
Samples of FFT (NFFT) 128
Samples of frame shift 16
Type of analyze window Hanning
Samples of analyze window 127
Type of synthesize window Hanning
Samples of synthesize window 63
ίϥΠβۙࣅΑΓ΋ Perceptual SNR͕খ͍͞.
ධՁ߲໨͸, Q1 : Ի੠ͷฉ͖औΓ΍͢͞, Q2 : Ի੠ͷԻ࣭, Q3 : BGMͷԻ࣭ͷ 3ͭ
Ͱ͋Δ. ͜ΕΒͷ߲໨ʹ͍ͭͯ, ද 4.15ʹࣔ͢ 5ஈ֊ͷMOS(mean opinion scores)஋
ͰධՁͤͨ͞. ඃݧऀ͸ 20୅உੑ 6ਓͰ, શһʹϔουϗϯͰௌऔͤͨ͞. ௌऔ࣮ݧͷ
݁ՌΛ, ਤ 4.15ʹࣔ͢.
Q1ͷ݁ՌͰ͸, ఏҊ๏A(ਤ 4.15, A)ͰͷΈ͢΂ͯͷηοτͰ 3Λ௒͍͑ͯΔ. ͞Β
ʹ, Q1ͰͷఏҊ๏ AͱΠίϥΠβۙࣅ (ਤ 4.15, E)ͷධՁʹ͸, ༗ҙͳࠩ (p = 0.027,
ද 4.17. ॲཧޙͷඪ४ภࠩ
ೖྗ৴߸ Set1 Set2 Set3
୯७Ճࢉ 2129.3 4258.6 5932.4
ΠίϥΠβۙࣅ 2233.9 4611.1 4861.7
ఏҊ๏A 2155.3 4213.5 5428.2
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ද 4.18. ୯७Ճࢉͱൺֱͯ͠ͷԻྔ૿Ճྔ
ೖྗ৴߸ Set1 (dB) Set2 (dB) Set3 (dB)
ΠίϥΠβۙࣅ 0.4 0.7 -1.7
ఏҊ๏A 0.1 -0.1 -0.8
ද 4.19. Perceptual SNRͷ૿Ճྔ
ೖྗ৴߸ Set1 (dB) Set2 (dB) Set3 (dB)
ΠίϥΠβۙࣅ -0.1 0.6 0.7
ఏҊ๏A -0.4 -0.2 0.1
Mann-Whitney test)͕͋ͬͨ. ରরతʹQ2, Q3Ͱ͸, ఏҊ๏ AͷධՁ͸௿͍. ಛʹ,
ηοτ 1Ͱͷ݁Ռ͸ 3ະຬͰ͋Δ. ͜͜Ͱ, ͜ͷηοτ 1ͷQ1ͰͷධՁ͕े෼ʹߴ͍
͜ͱʹ஫໨͢Δ. ैͬͯ, ೖྗ৴߸ͷଞͷಛੑΛ࢖༻ͯ͠, ఏҊ๏AͷޮՌͷఔ౓Λ੍
ޚ͢Δ͜ͱʹΑΓ, ͜ΕΒͷධՁͷݮগΛ؇࿨͢ΔͰ͖ΔͩΖ͏.
͞Βʹ, Ի੠ͷྃղ౓ͷௌऔ࣮ݧΛߦͬͨ. ධՁԻ͸, 9ͭͷԻ੠৴߸,3ͷBGM,3ࠞ
߹ํ๏Λ૊Έ߹Θͤͨ. ୯ޠྃղ౓ͱจষྃղ౓ͷධՁ݁ՌΛ, ද 4.20ʹࣔ͢. ͨ͠
ද 4.20. ୯ޠྃղ౓, จষྃղ౓ͷධՁ݁Ռ
୯७Ճࢉ (%) ΠίϥΠβۙࣅ (%) ఏҊ๏A (%)
୯ޠྃղ౓ 71.7 83.3 71.7
จষྃղ౓ 56.7 76.7 66.7
͕ͬͯ, Ի੠ͷௌ͖औΓΛҡ࣋͢Δख๏ͷ༗ޮੑ͕ࣔ͞Εͨ.
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ਤ 4.14. ೖྗ৴߸, ఏҊ๏Aͷग़ྗ৴߸ͷڱଳҬεϖΫτϧ (ଳҬ෯ = 344.53 Hz, FS = 44100





















Q1 : Voice audibility Q2 : Sound quality of the voiceQ3 : Sound quality of the BGM
+ E A + E A + E A + E A + E A
















ϒϩοΫਤΛ, ਤ 5.1ʹࣔ͢. ॲཧ͸ҎԼͷΑ͏ʹߦΘΕΔ.
1. ೖྗ࣌ؒ৴߸xA[n](༏ઌԻ), xB[n](ඇ༏ઌԻ)ΛFFT͠,࣌ؒप೾਺੒෼XA[i, k],
XB[i, k]ʹల։
2. XA[i, k], XB[i, k]Λ, ͦΕͧΕύϫʔ PA[i, k], PB[i, k]ʹม׵ɾฏ׈Խ
3. xA[n]ʹ LPCΛద༻͠, εϖΫτϧแབྷEA[i, k]Λநग़
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ਤ 5.1. ϑΥϧϚϯτߏ଄ҡ࣋Λنൣͱͨ͠Ի੠৴߸ࠞ߹๏ (ఏҊ๏ B)
4. PA[i, k], PB[i, k], EA[i, k]ΑΓ, ήΠϯ܎਺WA[i, k], WB[i, k]Λܾఆɾฏ׈Խ
5. XA[i, k], XB[i, k]ʹWA[i, k],WB[i, k]ΛͦΕͧΕ৐ࢉ͠,ॲཧޙͷೖྗ৴߸YA[i, k],
YB[i, k]Λੜ੒
6. YA[i, k]ͱ YB[i, k]ΛՃࢉ͠ Y [i, k]Λੜ੒
7. Y [i, k]Λ IFFT͠, ग़ྗ࣌ؒ৴߸ y[n]Λग़ྗ
ϑΥϧϚϯτଳҬ൑ఆDfn[i, k]͸, ਪఆ͞ΕͨϑΥϧϚϯτप೾਺ي੻ΑΓܾఆ͢Δ.
ϑΥϧϚϯτଳҬ෯ wfmtʹج͖ͮ, ي੻͔Βप೾਺ํ޲ʹ্Լ wfmt−12 ϏϯΛϑΥϧϚ
ϯτଳҬͱ͢Δ.
ήΠϯૢ࡞͸, ϑΥϧϚϯτଳҬͷ͏ͪԻ੠BGMͱ΋ʹ༗ԻͳྖҬͱ͢Δ. ήΠϯ










WA[i, k]͸, ࣌ؒϑϨʔϜຖͷೖྗ৴߸ͷύϫʔൺ཰Rp[i], ͓Αͼύϥϝʔλ p1 ∼ p4
ʹج͖ͮ, ࣜ (5.2)ʹΑΓܾఆ͢Δ. ͜͜Ͱ, NFFT͸ FFT఺਺Ͱ͋Δ. ήΠϯૢ࡞࣮ߦ
൑ఆDG[i, k]͕ 1ͷ৔߹͸ήΠϯΛ૿෯͠, 0ͷ৔߹͸ήΠϯΛ૿෯͠ͳ͍. ࣜ (5.2)Ͱ
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p1−1RP[i] + 1− p3−1p1−1
(
DG[i, k] = 1
∧1.0 ≤ RP[i] < p1
)
p4−p3
p2−p1RP[i] + p3 − p4−p3p2−p1
(
DG[i, k] = 1









ਤ 5.2. ࣜ (5.2)ʹ͓͚Δ, RP[i]ͱWA[i, k]ͷؔ܎
WB[i, k]͸, ૿෯ॲཧޙͷ༏ઌԻͷύϫʔΛඇ༏ઌԻͷύϫʔ্͕ճ͍ͬͯΔ৔߹ʹ,
1ͭલͷ࣌ؒϑϨʔϜ i− 1ʹ͓͚Δಉ͡प೾਺ଳҬͷήΠϯ܎਺WB[i− 1, k]Λ, αഒ
ͣͭݮਰͤ͞Δ͜ͱͰܾఆ͢Δ. ͜Ε͸, ϑϨʔϜؒͰͷมԽྔΛݻఆ͢Δ͜ͱͰ, ٸ
ܹͳԻྔมԽΛ๷͙ૂ͍Ͱ͋Δ. ΋͠ॲཧޙʹWB[i, k]ͷԼݶ஋LαΛԼճΔ৔߹͸, α




⎛⎜⎜⎝ DG[i, k] = 1∧PA[i, k] < PB[i, k]
∧Lα < αWB[i− 1, k]
⎞⎟⎟⎠
WB[i− 1, k]
⎛⎜⎜⎝ DG[i, k] = 1∧PA[i, k] < PB[i, k]




ຊߘͰ͸, ࣮ݧʹΑΓ֤ύϥϝʔλͷ஋Λ, p1 = 3.0, p2 = 100.0, p3 = 3.0, p4 = 6.0,
α = 0.708, Lα = 0.01 ͱͨ͠.
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ද 5.1. ࣮ݧॾݩ
ύϥϝʔλ ஋
αϯϓϦϯάप೾਺ Fs 44100 Hz
ྔࢠԽϏοτ਺ Nbit 16 bit
FFT఺਺ NFFT 1024఺
ղੳ࣌૭ؔ਺ H[n] ϋχϯά૭ܗ 1024 ఺
߹੒࣌૭ؔ਺ G[n] ϋχϯά૭ܗ 256 ఺
ϑϨʔϜγϑτ NSFT 256఺
LPC࣍਺ NLPC 12࣍
ϑΥϧϚϯτଳҬ෯ Wfmt 11 Ϗϯ (473.73 Hz)
5.1.2 ௌऔ࣮ݧʹΑΔఏҊ๏BͷධՁ
ධՁର৅ʹ͍ͭͯड़΂Δ. ೖྗ৴߸͸, ද 5.2ʹࣔ͢ S1∼S3ͷ 3छྨͷԻݯηοτͱ
ͨ͠. Ի੠ʹ͸ SRV-DB[55]ͷʮൃ࿩ͷϓϩϑΣογϣφϧʹΑΔฤूखாʢಡച৽ฉʣ
ͷಡΈ্͛ʯͷσʔλΛ, Իָʹ͸ʮRWCݚڀ༻ԻָσʔλϕʔεɿϙϐϡϥʔԻָ
[56]ʯͷσʔλΛ༻͍ͨ. ࠓճͷ࣮ݧͰ͸, ඇ༏ઌԻͷԻྔΛ༏ઌԻͷԻྔΑΓ, ද 5.2
ʹࣔ͢Իྔࠩ෼͋Β͔͡Ίେ͖͘ઃఆ͍ͯ͠Δ. ֤ηοτΛ͜ͷԻྔࠩͰ୯७Ճࢉ͠
ͨͱ͖, Ի੠͸Իָʹຒ΋Ε, ௌ͖औΓ͕ࠔ೉Ͱ͋Δ. ඃݧऀ͸੒ਓஉੑ 8໊Ͱ͋Γ, શ
һϔουϑΥϯʹΑΔௌऔΛߦͬͨ.
࣍ʹ, ϛΩγϯάख๏͸ද 5.3ʹࣔ͢ 5छྨͱͨ͠. ࢀߟͷͨΊʹ, ௐ೾ߏ଄ʹண໨͠
ͨख๏ (ख๏ 8(ୈ 4.2અ), C), ख๏ 8ʹ͍ͭͯॲཧྖҬΛϑΥϧϚϯτଳҬʹ੍ݶͨ͠
ख๏ (Cf), ఏҊ๏ Bʹ͍ͭͯॲཧྖҬΛϑΥϧϚϯτଳҬʹ੍ݶͤͣԻ੠ BGM ͱ΋
ʹ༗ԻͳྖҬͱͨ͠ख๏ (P) ͱ΋ൺֱͨ͠.
ධՁ߲໨͸, Ի੠ͷௌ͖औΓ΍͢͞, Ի੠ͷࣗવ͞, Իָͷࣗવ͞ͷ 3߲໨ͱ͠, 5ஈ
֊ͷMOS஋ (1ɿBad, 2ɿPoor, 3ɿFair, 4ɿGood, 5ɿExcellent) ʹΑΔධՁΛߦͬͨ.
࣮ݧॾݩΛද 5.1ʹࣔ͢.
ද 5.2. Իݯηοτ
ηοτ໊ Ի੠ (༏ઌԻ) Իָ (ඇ༏ઌԻ) Իྔࠩ
S1 ঁੑԻ੠ J-POP 12 dB
S2 உੑԻ੠ γςΟʔϩοΫ 12 dB
S3 ঁੑԻ੠ ϙοϓε 24 dB









PͱPfΛൺֱ͢Δ. S1ͱ S2ʹ͓͍ͯ͸, ॲཧྖҬͷ੍ݶʹΑΓԻ੠ͱԻָͷࣗવ͞
͕վળ͞Ε, ͔ͭԻ੠ͷௌ͖औΓ΍͕͢͞ҡ࣋͞Ε͍ͯΔ. S3Ͱ΋, ԻָͷԻ࣭ͷࣗવ
͕͞վળ͍ͯ͠Δ. ͜ͷ݁ՌΑΓ, ϑΥϧϚϯτଳҬ΁ͷॲཧྖҬͷ੍ݶ͕༗ޮͰ͋Δ
ͱࣔ͞Εͨ.
Cͱ Cf Λൺֱ͢Δ. S2ͷԻ੠ͷௌ͖ͱΓ΍͢͞, S1ͱ S3ͷԻ੠ͷԻ࣭ͷࣗવ͕͞
޲্͍ͯ͠Δ. Ұํ, S3ͷԻ੠ͷௌ͖ͱΓ΍͢͞, S1ͱ S3ͷ BGMͷԻ࣭ͷࣗવ͕͞
ྼԽ͍ͯ͠Δ. ख๏ 8΁ͷϑΥϧϚϯτଳҬ΁ͷॲཧྖҬͷ੍ݶͰ͸, ޮՌ͕ݶఆతͰ
͋Δ.
Cͱ Pf Λൺֱ͢Δ. S1ͱ S2ͷ BGMͷԻ࣭ͷࣗવ͕͞ಉ౳, S2ͷԻ੠ͷԻ࣭ͷࣗ
વ͞ͰC͕ྑ޷Ͱ͋ΔҎ֎͸, Pf ͕ྑ޷Ͱ͋Δ.
ද 5.4. ೔ຊޠࢠԻͷ෼ྨ [63]
ௐԻҐஔ ޱ৶ ࣃ, ࣃܪ ޱ֖ ੠໳
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ඓԻ m n N
֤Իݯʹ͍ͭͯ, ௌ͖औΓͮΒ͍࣌۠ؒʹ͍ͭͯ࣌ؒप೾਺ฏ໘ͷ؍࡯Λߦͬͨ. ؍
࡯ʹΑΓ, ࢠԻʰtʱ, ʰkʱ, ʰzʱ, ʰsʱ, ʰtsʱͷԻઅʹ֘౰͢Δ͜ͱ͕Θ͔ͬͨ. ද
5.4ʹ೔ຊޠࢠԻͷ෼ྨΛࣔ͢. ໰୊ʹ֘౰͢ΔԻઅͷࢠԻ͸, ຎࡲԻ΍ഁࡲԻ, ഁ྾Ի































ਤ 5.3. ௌऔ࣮ݧʹΑΔධՁ߲໨͝ͱͷฏۉMOS஋. B, C, Cf , P, Pf ͸, ϛΩγϯάख๏Ͱ͋
Γ, ද 5.3ʹࣔͨ͠. ධՁ߲໨͸ϛΩγϯάख๏͝ͱʹࠨ͔Β, Ի੠ͷௌ͖औΓ΍͢͞, Ի੠ͷ
ࣗવ͞, Իָͷࣗવ͞











ϧϚϯτߏ଄ʹண໨ͨ͠ख๏ (ఏҊ๏B)ΛఏҊ͖ͯͨ͠. ͜ͷ͏ͪ, ఏҊ๏Bʹ͍ͭͯ,
ಛʹࣃࡲԻͷௌ͖ͱΓ΍͕͢͞ෆಘҙͰ͋Δͱओ؍ධՁʹΑͬͯΘ͔͍ͬͯΔ (5.1.2
અ). ͦ͜ͰຊষͰ͸, ఏҊ๏ BΛϕʔεͱͯ͠ࣃࡲԻ΁ͷࣝผੑΛ޲্ͤ͞Δख๏Λ
ఏҊ͢Δ.
ఏҊ๏BͰ͸, ฼ԻೝࣝʹॏཁͳϑΥϧϚϯτ͕ओͱͯ͠෼෍͢Δ, ௿͍प೾਺ଳҬ
ͷϑΥϧϚϯτଳҬͷΈʹॲཧΛݶఆ͍ͯͨ͠. Ұํ, ࣃࡲԻͷ੒෼͸, ͦΕΒͷप೾
਺ଳҬΑΓߴ͍प೾਺ଳҬʹ෼෍͓ͯ͠Γ, ఏҊ๏BͰ͸ରԠͰ͖ͳ͍.
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ද 6.1. ࣮ݧॾݩ
ύϥϝʔλ ஋
αϯϓϦϯάप೾਺ Fs 44100 Hz
ྔࢠԽϏοτ਺ Nbit 16 bit
FFT఺਺ NFFT 1024఺
ղੳ࣌૭ؔ਺ H[n] ϋχϯά૭ܗ 1024 ఺
߹੒࣌૭ؔ਺ G[n] ϋχϯά૭ܗ 256 ఺
ϑϨʔϜγϑτ NSFT 256఺
LPC࣍਺ NLPC 12࣍
ϑΥϧϚϯτଳҬ෯ Wfmt 11 Ϗϯ (473.73 Hz)
6.1 ࣃࡲԻͱ฼ԻͷࣝผੑΛॏࢹ͢ΔԻ੠৴߸ࠞ߹๏ (ఏҊ
๏C)
·ͣ, ఏҊ๏CͷݩͱͳΔϑΥϧϚϯτߏ଄ʹண໨ͨ͠ख๏ (ఏҊ๏B)ʹ͍ͭͯ, ఏ
Ҋ๏CͰ௥Ճ͢ΔࣃࡲԻ΁ͷॲཧͱͷରൺ͕༰қͱͳΔΑ͏ʹཱࣜ͠௚͢.
ೖྗԻ੠৴߸, ೖྗ BGM৴߸Λ, ୹࣌ؒϑʔϦΤม׵ʹΑΓ, ͦΕͧΕෳૉ࣌ؒप
೾਺දݱXA[i, k], XB[i, k]ʹల։͢Δ. ͜͜Ͱ, iΛϑϨʔϜ൪߸, kΛप೾਺Ϗϯ൪߸
ͱ͢Δ. ϑΥϧϚϯτप೾਺ਪఆ, ॲཧର৅ͷϑΥϧϚϯτଳҬͷܾఆΛܦͯ, ྆৴߸
΁ͷήΠϯ܎਺WA[i, k], WB[i, k]Λࢉग़͢Δ. XA[i, k], XB[i, k]΁WA[i, k], WB[i, k]Λ
ͦΕͧΕద༻͠, ͦΕΒͲ͏͠ͷՃࢉʹΑΓ, ग़ྗ৴߸ͷෳૉ࣌ؒप೾਺දݱ Y [i, k]Λ
ಘΔ. Y [i, k]ͷٯ୹࣌ؒϑʔϦΤม׵ʹΑΓ, ग़ྗ৴߸Λࢉग़͢Δ. ࣌ؒप೾਺දݱͷ
࣮ݧॾݩΛ, ද 6.1ʹࣔ͢.
·ͣ, Ի੠ͷϑΥϧϚϯτप೾਺Λਪఆ͢Δ. ຊख๏Ͱ͸, ઢܗ༧ଌූ߸ (Linear






yn, y′n͸,ͦΕͧΕnαϯϓϧͰͷ࣮ଌ஋ͱ༧ଌ஋Ͱ͋Γ, ap͸LPC܎਺, NLPC͸LPC
࣍਺Ͱ͋Δ.
LPC܎਺ apͱ࢒ࠩ෼ࢄ E(= σ2)͔Β, प೾਺ಛੑ f(ω)͕ࣜ (6.2)ͱͯ͠ಘΒΕΔ.






|1 +∑NLPCp=1 ape−jpω|2 (6.2)
ॲཧର৅ͷϑΥϧϚϯτଳҬDfn[i, k] (Boolean)͸, LPCʹΑͬͯਪఆ͞ΕͨϑΥϧ
Ϛϯτप೾਺ي੻ΑΓܾఆ͢Δ. ຊख๏Ͱ͸, ϑΥϧϚϯτي੻͔Βप೾਺ํ޲ʹ, ্
Լ wfmt−12 Ϗϯʹ֦͛Δ. ·ͨ, ॲཧର৅ͷϑΥϧϚϯτଳҬ͸, 50 ∼ 6, 000 Hzͷप೾
਺Ϗϯʹ੍ݶ͢Δ.
ϑΥϧϚϯτଳҬDfn[i, k]ʹै͍, ήΠϯ܎਺WA[i, k], WB[i, k]Λੜ੒͢Δ.






ATH[k] ≤ PA[i, k]





Ի੠৴߸΁ͷήΠϯ܎਺WA[i, k]͸,ࣜ (6.4∼6.6)ʹࣔ͢Α͏ʹࢉग़͢Δ. ࣌ؒϑϨʔ
Ϝ i͝ͱͷ྆ೖྗ৴߸ؒͷύϫʔൺ཰Rp[i]Λݩʹ, ϑϨʔϜ͝ͱͷήΠϯWp[i]Λ, ύ










p1−1RP[i] + 1− p3−1p1−1
(
1.0 ≤ Rp[i] < p1
)
p4−p3
p2−p1RP[i] + p3 − p4−p3p2−p1
(
















ΓBGMͷύϫʔPB[i, k]͕େ͖͍ͱ͖, 1ͭલͷϑϨʔϜʹ͓͚ΔήΠϯ܎਺WB[i−1, k]
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Λ, ∆Bഒͣͭݮਰͤ͞Δ. ͜ͷػߏʹΑΓ, BGM΁ͷٸܹͳԻྔݮਰ͕཈͑ΒΕΔ.





DG[i, k] = 1
∧Rp[i] > 1




DG[i, k] = 1
∧Rp[i] > 1




ຊߘͰ͸֤ύϥϝʔλͷ஋Λ, p1 = 3.0, p2 = 200.0, p3 = 3.0, p4 = 6.0, ∆B = 0.708,
Lα = 0.1 ͱͨ͠. ͞Βʹ, ήΠϯ܎਺WA[i, k], WB[i, k]͸, ήΠϯద༻લʹ LPFʹΑͬ
ͯ࣌ؒํ޲ʹฏ׈Խ͢Δ. ຊߘͰ͸LPFΛ, 1࣍ IIRϑΟϧλʹΑΔࢦ਺ฏ׈Խ๏ͱ͠,




ࣃࡲԻͷΤωϧΪ͸, ੒ਓஉੑͰ͸ 4 kHzҎ্ͷप೾਺ଳҬʹଘࡏ͠, ঁੑ΍ࢠڙͰ
͸ΑΓߴ͍प೾਺ଳҬʹଘࡏ [65]͢Δ. Ұํ, ฼ԻೝࣝͰॏཁͳϑΥϧϚϯτ͸, ओͱ




༗Ի͔ͭ७ԻͰͳ͍ྖҬͱ͢Δ. ७Ի൑ఆDtm[i, k]͸, MPEG-1 audioͷPsychoacoustic
Model 1[59]ʹؚ·ΕΔ൑ఆΛ༻͍Δ.
ఏҊ๏CͰ͸, ࣃࡲԻʹಛԽͨ͠ήΠϯ܎਺Λ, ఏҊ๏BͷήΠϯ܎਺ੜ੒๏Ͱ͋Δ
ࣜ (6.4∼6.7)Λجʹ, ࣜ (6.8∼6.12)ʹΑ͏ʹੜ੒͢Δ. ͜͜Ͱ, ఏҊ๏ B͔Βมߋ఺ͷ






s1ATH[k] ≤ PA[i, k]
∧s1ATH[k] ≤ PB[i, k]
∧¬Dtm[i, k]
∧¬Dtm[i, k − 1]
∧¬Dtm[i, k + 1]




W SA[i, k] =
⎧⎨⎩ s2Wp[i]
(




W SB[i, k] =
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
∆BW SB[i− 1, k]
⎛⎜⎜⎜⎝
DSG[i, k] = 1
∧Rp[i] · Lα > 1
∧Lα ≤ ∆BWB[i− 1, k]
⎞⎟⎟⎟⎠
W SB[i− 1, k]
⎛⎜⎜⎜⎝
DSG[i, k] = 1
∧Rp[i] · Lα > 1




ࣃࡲԻ΁ͷॲཧΛఏҊ๏BͰͷॲཧ (ࣜ (6.4∼6.7))ͱͯ͠, ࣮৴߸Ͱݕ౼ͨ͠ͱ͜Ζ,
BGMͷ཈੍͸ա౓ͱͳΓ,ҰํͰ͸Ի੠ͷڧௐ͕े෼ʹײ͡ΒΕͣ,ޮՌతͰͳ͔ͬͨ.
ͦ͜Ͱ, ఏҊ๏ CͰ͸, BGMͷա౓ͳ཈੍ʹରͯ͠, ༗Ի൑ఆͷᮢ஋Λύϥϝʔλ
s1ʹΑͬͯௐ੔Ͱ͖ΔΑ͏ʹ͠, ॲཧର৅ͱ͢Δ੒෼ΛߜΔ. ͞Βʹ, ڐ༰ݶ LαΛ্
ճΔ཈੍͕ى͜Γ͏ΔԻྔࠩͱͳΔྖҬΛ, ॲཧର৅͔Β֎͢. ·ͨ, Ի੠΁ͷڧௐΛ
ύϥϝʔλ s2ʹΑͬͯௐ੔͢Δ. ͜ͷ 3఺ͷมߋʹΑΓ, BGMͷԻ࣭ྼԽ͸؇࿨͞Ε,
ࣃࡲԻͷௌ͖ͱΓ΍͕͢͞ಘΒΕͨ. ຊߘͰ͸֤ύϥϝʔλͷ஋Λ, s1 = 4.0, s2 = 2.0
ͱͨ͠.
ఏҊ๏BʹΑͬͯੜ੒͞ΕΔ฼ԻಛԽͷήΠϯ܎਺Λ, WFA , WFB ͱ͠, ఏҊ๏CͰͷ
WA, WBΛ, WFA ͱW SA, WFB ͱW SBͱΛ, ࣜ (6.11, 6.12)ʹࣔ͢Α͏ʹ, प೾਺Ϗϯ kSΛ
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ද 6.2. ࣮ݧͰ༻͍ͨԻ੠৴߸ͱ, ͦͷ಺༰
Numbers in
Symbols the Database[55] Sentence
Vk PF02 67 ͜Ε͕ةػͰ͋Δ.
Vs PF02 68 ͜Ε͕࢛قͰ͋Δ.




























ߘ (ΧʔφϏจষ) ͷಡΈ্͛ʯ͔Β, ද 6.2ʹࣔ͢ 3ԻݯΛ༻͍ͨ. ൃ࿩ऀ͸, ঁੑΞ
φ΢ϯαʔͰ͋Δ. BGMʹ͸, ʮ RWC ݚڀ༻Իָσʔλϕʔε:ϙϐϡϥʔԻָ [56]
ʯͷָۂΛ༻͍ͨ. Ի੠ͱBGMͷԻྔࠩ͸, ୯७Ճࢉ࣌ʹԻ੠͕ຒ΋ΕΔΑ͏ௐ੔͠
ͨ. Ի੠, BGMͦΕͧΕͷ༗Իͳ࣌۠ؒͰͷඪ४ภࠩ͸, 500, 4000ͱ͠, Ի੠ʹର͠
BGM͕ 18 dBେ͖͍ઃఆͱͳͬͨ. ೖྗ৴߸ͱఏҊ๏ B͓ΑͼఏҊ๏ Cͷॲཧ݁Ռ
ͷ࣌ؒप೾਺ฏ໘Λ, ਤ 6.1ʹࣔ͢.
ೖྗԻ੠৴߸ Vk, Vs, Vzͷ࣌ؒप೾਺ฏ໘͕, ͦΕͧΕਤ 6.1([k,s,z],v)Ͱ͋Δ. ද
6.2ΑΓ, 3৴߸͸ 1ͭͷࢠԻͷΈ͕ҟͳΔ૊Ͱ, ͦΕͧΕԻૉ͸Vk͕/k/, Vs͕/s/, Vz
͕/z/, ڞ௨͢Δ฼ԻͷԻૉ͸/i/Ͱ͋Δ.









































































































































































































































































































































































































ୈ 6 ষ ϑΥϧϚϯτߏ଄ͱࣃࡲԻʹண໨ͨ͠ݕ౼ 83
ࢠԻ͕ҟͳΔ࣌۠ؒ͸, 1.6∼1.8 ඵͰ͋Δ. /s/Ͱ͸ 2∼14 kHz, /z/Ͱ͸ 5∼10 kHzͷ
1ଳҬʹ, ΤωϧΪ͕ूதͯ͠෼෍͍ͯ͠Δ. /k/Ͱ͸ 0∼14 kHzͷ͏ͪ, ਺ଳҬʹ෼͔
Εͯ෼෍͍ͯ͠Δ. ·ͨ, ։࢝෦ͰͷΤωϧΪ૿Ճ͕, /s/, /z/͸࣌ؒํ޲ʹ؇΍͔Ͱ͋
Δ. ରͯ͠/k/Ͱ͸ٸफ़Ͱ͋Γ, ։࢝௚ޙʹ 0.01 ඵఔ౓ͷແԻ͕۠ؒΈΒΕΔ. ͜ΕΒ
ͷಛ௃͸, ୯७Ճࢉ (ਤ 6.1([k,s,z],A))ͱఏҊ๏ B(ਤ 6.1([k,s,z],F))Ͱ͸, BGMͷ෼෍
(ਤ 6.1(x,·))ʹຒ΋Ε͍ͯΔ. ఏҊ๏C(ਤ 6.1([k,s,z],S))Ͱ͸, ֘౰͢ΔྖҬͷΤωϧΪ
͕ڧௐ͞Ε͍ͯΔ.
·ͨ, ਤ 6.1([k,s,z],v)Ͱ͸, ΤωϧΪͷେ͖͍ϑΥϧϚϯτप೾਺͕ 3੒෼ΈΒΕ, 0
∼4 kHzʹଘࡏ͢Δ. ͜ΕΒ͸, ௿͍प೾਺ଳҬͷ΋ͷ͔Β, F1, F2, F3Ͱ͋Δ. F1, F2
͸, ͜ΕΒ͕෼෍͢Δप೾਺ଳҬͷ૊Έ߹Θ͔ͤΒ, ฼Իೝ͕ࣝߦΘΕ͍ͯΔ. F3Ҏ
্ͷଳҬ͸, ࿩ऀࣝผʹӨڹ [66]͕͋Δ͜ͱ͕ࣔ͞Ε͍ͯΔ. ϑΥϧϚϯτप೾਺ͷ෼
෍ͷ໛༷͸, ୯७Ճࢉ (ਤ 6.1([k,s,z],A))Ͱ͸ຒ΋Ε͓ͯΓ, ఏҊ๏ B(ਤ 6.1([k,s,z],F))




࠷ޙʹஶऀ͕ओ؍ධՁʹΑͬͯ, ఏҊ๏BͱఏҊ๏CΛൺֱͨ͠. ൺֱͷ݁Ռ, ఏҊ






࣮૷๏ʹ͍ͭͯ, ࡾख๏ఏҊͨ͠. ఏҊ๏A͸, ௐ೾ߏ଄ͷҡ࣋ʹண໨ͨ͠ख๏Ͱ͋Γ,
4ষͰड़΂ͨ. ఏҊ๏B͸, ϑΥϧϚϯτߏ଄ʹண໨ͨ͠ख๏Ͱ, 5ষͰड़΂ͨ. ఏҊ๏
C͸, ϑΥϧϚϯτߏ଄ͱࣃࡲԻͷप೾਺෼෍ʹண໨ͨ͠ख๏Ͱ, 6ষͰड़΂ͨ.





ௌ֮৺ཧϞσϧ ⃝ × ⃝
ϑΥϧϚϯτਪఆ × ⃝ ⃝
7.1 ࣮ߦ࣌ؒʹΑΔൺֱݕ౼
ఏҊͨ͠ 3ख๏ʹ͍ͭͯ, 6ඵͷԻσʔλΛ 10ճॲཧ͠, ࣮ߦ࣌ؒͷฏۉ஋Λࢉग़͠
ͨ. ༻͍ͨܭࢉػ͸, CPU͕ Intel Xeon W3520 2.67GHzͰ, ϝϞϦ͕ 12GBͰ͋Δ.
ࢉग़݁ՌΛද 7.2ʹࣔ͢. ද 7.2ΑΓ, ఏҊ๏A͕࠷΋ܭࢉྔ͕ܰ͘, ࠶ੜ࣌ؒͷ 1/6
ഒͷ࣌ؒͰॲཧͰ͖Δ͜ͱ͕Θ͔ͬͨ. ैͬͯ, ఏҊ๏A͸ϦΞϧλΠϜͰͷॲཧ͕Մ
ೳͰ͋Δ. Ұํ, ఏҊ๏BͱఏҊ๏C͸ಉ౳ʹܭࢉྔ͕େ͖͘, ॲཧʹ࠶ੜ࣌ؒͷ 2ഒ
Ҏ্ͷ͕࣌ؒඞཁͰ͋Δ.
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ओ؍ධՁ͸, Q1 : “ೖྗԻ੠ͱൺֱͯ͠, ಺༰ͷௌ͖ͱΓ΍͢͞”, Q2 : “ೖྗԻ੠ͱ
ൺֱͯ͠, Ի࣭ͷࣗવ͞”, Q3 : “ೖྗBGMͱൺֱͯ͠, Ի࣭ͷࣗવ͞”ͷ 3ͭͷධՁ߲
໨ͱͨ͠. ධՁ஋͸, ද 7.3ʹࣔ͢ 5ஈ֊ͷDMOS(Degradation Mean Opinion Score)








ද 7.4ʹࣔ͢ 20ԻݯΛ༻͍ͨ. ൃ࿩ऀ͸,ঁੑΞφ΢ϯαʔͰ͋Δ. BGMʹ͸,ʮ RWC
ݚڀ༻Իָσʔλϕʔε:ϙϐϡϥʔԻָ [56] ʯͷָۂΛ༻͍ͨ. Ի੠ͱBGMͷԻྔ
ࠩ͸, ୯७Ճࢉ࣌ʹԻ੠͕ຒ΋ΕΔΑ͏ௐ੔ͨ͠. Ի੠, BGMͦΕͧΕͷ༗Իͳ࣌۠ؒ
Ͱͷඪ४ภࠩ͸, 500, 4000ͱ͠, Ի੠ʹର͠BGM͕ 18 dBେ͖͍ઃఆͱͳͬͨ. ൃ࿩
಺༰͸, ҰจࣈͰڞ௨ͷ฼ԻͰࢠԻͷΈ͕ҟͳΔ 4૊͔Β੒Δ.
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ॲཧ಺༰͸, ද 7.5ʹࣔ͢ 4ख๏Ͱ͋Δ.
ඃݧऀ͸ 20୅உੑ 8໊Ͱ, શһϔουϗϯͰௌऔͨ͠. ֤ඃݧऀʹఏࣔ͢ΔԻݯͷ
ηοτʹ͍ͭͯ͸, ಉҰจষͷఏ͕ࣔ 1ճͱͳΔΑ͏ʹ෼഑ͨ͠. ൺֱ͢Δख๏͕ 4ख
๏Ͱ͋Δ͜ͱ͔Β, 1ͭͷධՁର৅ͷԻݯʹ͍ͭͯ 2ਓ෼ͷධՁ݁ՌΛಘͨ.
ධՁ݁ՌΛ, ਤ 7.1ʹࣔ͢. (c)Ұจࣈҧ͍෦Ͱͷਖ਼ղ཰Ͱ͸, ࢠԻͷ෼ྨผ (All : શ
ͯ, [s z] : ࣃࡲԻ, [k g t b] : ᎢԻ, [a n m r] : ฼Ի͓Αͼແ੠Ի)Ͱͷ݁ՌΛซهͨ͠.
ࢠԻͷ෼ྨผͰͷจষ਺͸, All : 20จ, [s z] : 5จ, [k g t b] : 10จ, [a n m r] : 5จͰ
͋Δ. ·ͨ, ௌऔ࣮ݧ݁Ռ΁ͷ΢ΟϧίΫιϯͷॱҐ࿨ݕఆͷ྆ଆݕఆʹ͓͚Δ p஋Λ,
ද 7.6ʹࣔ͢.
୯७Ճࢉʹରͯ͠͸, Q3Ҏ֎ͷશͯͷ߲໨ʹ͍ͭͯ, 3ख๏ͱ΋Ͱ্ճͬͨ. ൃ࿩಺
༰ͷྃղ౓͸, ୯७ՃࢉͰ͸ 5ׂఔ౓Ͱ͋ͬͨͷʹର͠, 3ख๏ͱ΋Ͱ 9ׂఔ౓Λୡ੒
͍ͯ͠Δ. ಛʹ, ఏҊ๏C͕࠷ྑͰ, 95%Λ௒͍͑ͯΔ.
ओ؍ධՁͰ͸, Q3ͰͷఏҊ๏AΛআ͍ͯ, 4ͱ 3 ͷؒͷධՁΛಘ͓ͯΓ, ྼԽ͕ڐ༰
Ͱ͖Δఔ౓ʹཹΊΒΕ͍ͯΔ.
͜ΕΒΑΓ, ఏҊ๏ͷୈҰ໨తͰ͋Δ಺༰೺Ѳʹ͍ͭͯ͸, 3ख๏ͱ΋Ͱୡ੒Ͱ͖Δ
͜ͱ͕ࣔ͞Εͨ. Ճ͑ͯ, ಺༰೺ѲͱԻ࣭ͷཱ྆ʹ͍ͭͯ͸, ఏҊ๏BͱఏҊ๏CͰୡ
੒Ͱ͖Δ͜ͱ͕ࣔ͞Εͨ. 3ख๏ͷதͰ͸ఏҊ๏C͕࠷ྑͰ͋ͬͨ.
ධՁ݁Ռʹ͍ͭͯߟ࡯͢Δ.
·ͣ, ఏҊ๏BͱఏҊ๏CΛൺֱ͢Δ. ఏҊ๏C͸, ఏҊ๏BʹࣃࡲԻ૬Ԡͷ੒෼΁
ͷॲཧΛ௥Ճͨ͠ख๏Ͱ͋Δ.
ఏҊ๏CͰओ؟ͱ͍ͯ͠ΔࣃࡲԻͷௌ͖औΓʹ͍ͭͯ, (c)Ұจࣈҧ͍෦Ͱͷਖ਼ղ཰
ͷ “[s z] : ࣃࡲԻ”Ͱ, 30%͔Β 100%΁ͱվળͰ͖͍ͯΔ. Ұํ, ࣃࡲԻҎ֎ͷ “[k g t





ଓ͍ͯ, ௐ೾ߏ଄ͷҡ࣋ʹண໨ͨ͠ख๏ (ఏҊ๏ A)ͱϑΥϧϚϯτߏ଄ʹண໨ͨ͠
ख๏ (ఏҊ๏B͓ΑͼఏҊ๏C)ͱΛൺֱ͢Δ. ఏҊ๏AͱఏҊ๏B͓ΑͼఏҊ๏Cͱ
Ͱ͸, ࣌ؒप೾਺ฏ໘্ͰॲཧΛࢪ͢੒෼͕લऀͰଟ͍. લऀͰ͸༗Իͳ੒෼ͷશͯΛ






























































































































































(f) Q3 : ೖྗ BGMͱൺֱͯ͠, Ի࣭ͷࣗવ͞
ਤ 7.1. ௌऔ࣮ݧ݁Ռ. + : ୯७Ճࢉ, A : ఏҊ๏ A(ௐ೾ߏ଄ʹཱ٭ͨ͠ఏҊ๏), B : ఏҊ๏
B(ϑΥϧϚϯτଳҬͷΈΛڧௐ͢ΔఏҊ๏), C : ఏҊ๏C(ϑΥϧϚϯτʹՃ͑ͯࣃࡲԻ΋ڧௐ
͢ΔఏҊ๏). (c)Ұจࣈҧ͍෦Ͱͷਖ਼ղ཰Ͱ͸, ࢠԻͷ෼ྨผ (All : શͯ, [s z] : ࣃࡲԻ, [k g t
b] : ᎢԻ, [a n m r] : ฼Ի͓Αͼແ੠Ի)Ͱͷ݁ՌΛซهͨ͠
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ද 7.6. ௌऔ࣮ݧ݁Ռ΁ͷ΢ΟϧίΫιϯͷॱҐ࿨ݕఆͷ྆ଆݕఆʹ͓͚Δ p஋. + : ୯७Ճࢉ,
A : ఏҊ๏A(ௐ೾ߏ଄ʹཱ٭ͨ͠ఏҊ๏), B : ఏҊ๏B(ϑΥϧϚϯτଳҬͷΈΛڧௐ͢ΔఏҊ
๏), C : ఏҊ๏C(ϑΥϧϚϯτʹՃ͑ͯࣃࡲԻ΋ڧௐ͢ΔఏҊ๏). ยଆݕఆͷ༗ҙਫ४ 5%ͱ
ͯ͠༗ҙͳ͕ࠩೝΊΒΕΔ਺஋Λଠࣈͱ͠ԼઢΛ෇ͨ͠
(a) Իઅ୯ҐͰͷਖ਼ղ཰
method + A B C





method + A B C





method + A B C




(d) Q1 : ೖྗԻ੠ͱൺֱͯ͠, ಺༰ͷௌ͖ͱΓ΍
͢͞
method + A B C




(e) Q2 : ೖྗԻ੠ͱൺֱͯ͠, Ի࣭ͷࣗવ͞
method + A B C




(f) Q3 : ೖྗ BGMͱൺֱͯ͠, Ի࣭ͷࣗવ͞
method + A B C
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ॲཧର৅ͱ͢Δͷʹର͠, ޙऀͰ͸ϑΥϧϚϯτप೾਺ۙ๣͓ΑͼࣃࡲԻ૬Ԡͷ੒෼ʹ




Ұํ, ௌऔ࣮ݧͷूܭ݁ՌͰ͸, ఏҊ๏AͱఏҊ๏ B͓ΑͼఏҊ๏ CͱͰ͸, Q3ʹ
͍ͭͯલऀ͕ྼͬͨҎ֎͸, ಉ౳ͷධՁͰ͋ͬͨ. ͜ΕΑΓ, ఏҊ๏AͰ͸ BGM΁ͷ
ॲཧʹ͍ͭͯ৑௕Ͱ͋Δͱݴ͑Δ.
ೖྗԻ੠ͷௌ͖औΓͷ֬อͱೖྗԻ੠͓Αͼ BGMͷԻ࣭ҡ࣋ͷཱ྆Λୡ੒͢Δͨ








ܭࢉྔ ⃝ × ×
ྃղ౓ ⃝ ⃝ !
Ի੠ͷௌ͖ͱΓ΍͢͞ ⃝ △ ⃝
Ի੠ͷԻ࣭ ⃝ ⃝ ⃝
BGMͷԻ࣭ △ ⃝ ⃝
Ի੠ͷௌ͖ͱΓͱԻ࣭ʹ͍ͭͯ͸, ఏҊ๏C͕࠷ྑͰ͋Δ. Ұํ, ఏҊ๏C͸࣮ߦ࣌
͕ؒೖྗ৴߸ͷ࠶ੜ࣌ؒͷ 2ഒҎ্͔͔Δ఺͕໰୊Ͱ͋Δ. ࣮ߦ࣌ؒʹ͍ͭͯ͸ఏҊ๏
A͕࠷ྑͰ, ࠶ੜ࣌ؒͷ 1/6ഒͷ࣌ؒͰࡁΉ. ͦͷ্, ఏҊ๏A͸ BGMͷԻ࣭Ҏ֎ͷ
ධՁ͕ఏҊ๏Cͱಉ౳Ͱ͋Δ.
͜͜Ͱ, ఏҊ๏BͷϝϦοτʹ͍ͭͯߟ͑Δ. ·ͣ, ࣮ߦ࣌ؒͱओ؍ධՁ࣮ݧʹ͍ͭ
ͯࠓճݕ౼ͨ͠؍఺Ͱ͸, ఏҊ๏B͸ఏҊ๏AͱఏҊ๏CʹྼΔ. ྼͬͨݪҼ͸, ϑΥ














ʹ, Ի੠Λຒ΋Εͤ͞ͳ͍Ի৴߸ࠞ߹๏ΛఏҊ͖ͯͨ͠. ຊষͰ͸, εϚʔτϛΩαʔ
͕࣌ؒप೾਺ྖҬͰͷॲཧͰ͋Δ͜ͱͷ༗ޮੑΛ, ఏҊ๏ A΁ͷௌऔ࣮ݧʹΑΓݕূ
͢Δ.
ୈ 4ষͰड़΂ͨఏҊ๏Aʹ͍ͭͯ, ࣌ؒप೾਺ྖҬͰͷॲཧͷ༗ޮੑΛݕ౼͢Δ. ఏ
Ҋ๏A͕ੜ੒͢Δ࣌ؒप೾਺ྖҬͰͷมԽྔΛ, प೾਺ྖҬ, ࣌ؒྖҬͰͷมԽྔͰۙ
ࣅ͢Δํ๏Λఆٛ͢Δ. ͜ΕΒʹ୯७ՃࢉͱఏҊ๏AΛՃ͑ͨ 4छྨͷࠞ߹๏ʹ͍ͭ





ॲཧํ๏ͷ֓ཁΛਤ 8.1 ʹ·ͱΊΔ. ·ͣ, ೖྗԻ੠, ೖྗ BGM, ग़ྗ, ͦΕͧΕͷ
ෳૉ࣌ؒप೾਺දݱΛXA[i, k], XB[i, k], Y [i, k]ͱ͢Δ. ͜͜Ͱ, i͸࣌ؒϑϨʔϜ൪߸,

























k͸प೾਺Ϗϯ൪߸Ͱ͋Δ. ຊख๏Ͱ͸, ήΠϯ܎਺WA[i, k], WB[i, k]Λ༻͍ͯग़ྗ Y
Λ Y = WAXA +WBXBͰੜ੒͢Δ.
ήΠϯ܎਺ΛܾΊΔʹ͋ͨͬͯ, Step 2Ͱ͸, ֤ [i, k]ʹ͍ͭͯXA[i, k], XB[i, k]ΛҎ
Լͷ 4ͭͷΧςΰϦʔ, ७ԻDt, ७Իۙ๣Dm, ඇ७ԻDn, ඇՄௌDzʹ෼ྨ͢Δ. ͦͷ
෼ྨͷͨΊʹ, Step 1Ͱ͸, MPEG-1 Audio Psychoacoustic model 1 [59] Ͱ࠾༻͞Εͯ
͍Δ७Ի൑ఆCtmͱ༗Ի൑ఆCATHͷج४Λར༻͍ͯ͠Δ.
Step 3Ͱ͸, Ի੠ͱBGMͷ 4ͭͷΧςΰϦʔͷ૊Έ߹ΘͤͰܾ·Δ 16(= 4× 4)ଐ
ੑͷͦΕͧΕʹରͯ͠ରԠද (ਤ 1ͷ Step 3ཝΛࢀর)Λ࢖ͬͯ, 4ͭͷॲཧ a, b, c, ×
ΛରԠͤ͞Δ.
͜ΕΒ4ͭͷॲཧʹ͍ͭͯॱʹઆ໌͢Δ. ·ͣ, ×Ͱ͸গͳ͘ͱ΋ยํͷೖྗ͕ແԻͰ
͋Δ͔Β୯७ՃࢉͰྑ͍. ࣍ʹ, a, b, cʹର͢ΔήΠϯ܎਺ઃఆ๏ʹ͍ͭͯड़΂Δ४උͱ
ͯ͠, XA, XBͷ [i, k]ʹ͓͚ΔύϫʔΛप೾਺ํ޲ʹฏ׈Խͨ͠΋ͷΛͦΕͧΕA[i, k],
B[i, k]ͱ͓͘. ग़ྗύϫʔ͸, ޓ͍ͷҐ૬͕ϥϯμϜͰ͋Δͱ͢Ε͹P = W 2AA+W 2BB
ͱݟੵ΋Δ͜ͱ͕Ͱ͖Δ. ·ͨ, ग़ྗύϫʔதͷXA੒෼ͷׂ߹͸Q = W 2AA/P Ͱݟੵ















ਤ 8.2. P , Qͷܾఆ๏. XA, XB͸, ༝དྷ͢Δೖྗ৴߸Λࣔ͢
ද 8.1. ࣮ݧॾݩ
Sampling frequency (FS) 44100 Hz
Samples of FFT (NFFT) 1024
Samples of frame shift 384
Type of analyze window Hanning
Samples of analyze window 1023
Type of synthesize window Hanning
Samples of synthesize window 767
΋Δ͜ͱ͕Ͱ͖Δ. զʑ͸, P , QΛA, Bͷؔ਺ͱͯ͠ద੾ʹܾఆ͢Δ͜ͱͰ, Ի੠͕
ຒ΋Εͳ͍ࠞ߹͕Ͱ͖Δ΋ͷͱߟ͑ͨ.
P , Q͸ਤ 8.2ʹैܾͬͯఆ͢Δ. ·ͣ, aͰ͸ P = A+B, Q = 1.0ͱ͠, ग़ྗΛڧ੍
తʹԻ੠Խ͢Δ. ࣍ʹ, bͰ͸ P = 4.0(A + B), Q = 1.0ͱͯ͠, aʹൺֱͯ͠ P Λ 4.0
ഒ͢Δ͜ͱͰࠞ߹Իʹ͓͍ͯ΋ϐʔΫΛอଘ͢Δ͜ͱΛૂͬͨ. Ұํ, cͰ͸Ի੠͸ॏ
ཁͰ͸ͳ͍ͨΊ, P = 1.6(A + B), Q = 0.5ͱ͠, Ի੠ͱ BGMΛ౳ԻྔԽ͢ΔʹཹΊ
Δ. ͳ͓, ܎਺Ͱ͋Δ 4.0ͱ 1.6͸༧උ࣮ݧʹΑΓܾఆͨ͠.
Step 4Ͱ͸, Ҏ্ͰٻΊͨ P , Q͔ΒWA, WBΛٯࢉ͢Δ. ͨͩ͠, Ի੠ͷ཈੍͓Α
ͼBGMͷڧௐ͕ߦΘΕͳ͍Α͏, WA " 1.0, WB # 1.0ͷ৚݅Λ͚ͭΔ. ·ͨ, ա౓ͷ
Ի੠ͷڧௐ͓Αͼ BGMͷ཈੍͕ى͜Δ͜ͱΛ๷ࢭ͢Δ͍͔ͭ͘ͷ৚݅Λઃ͚͍ͯΔ
͕͜͜Ͱ͸આ໌Λল͘. ఏҊ๏AͷॾݩΛද 8.1 ʹࣔ͢.
8.2 ࣌ؒྖҬ, प೾਺ྖҬͰͷۙࣅॲཧ
ຊষͰ͸, ఏҊ๏A͕࣌ؒप೾਺ྖҬͰήΠϯௐ੔Λߦ͍ͬͯΔ͜ͱͷར఺Λࣔͨ͢
Ίʹ, ͦΕΛप೾਺ྖҬʹݶఆͯۙ͠ࣅͨ͠ήΠϯௐ੔ (ҎԼ, ΠίϥΠβۙࣅͱݴ͏)
ͱ, ࣌ؒྖҬʹݶఆͯۙ͠ࣅͨ͠ήΠϯௐ੔ (ҎԼ, μοΧʔۙࣅͱݴ͏)Λఆٛ͢Δ.
·ͣ, ४උͱͯ͠ YA[i, k], YB[i, k]Λ, ͦΕͧΕ ISTFTʹΑΓ࣌ؒ৴߸ yA[n], yB[n]ʹ
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ม׵͢Δ. ࣍ʹ, yA[n], yB[n]Λ, ఏҊ๏AͱಉҰॾݩ (ද 8.1)ͷ STFTͰ࠶ղੳ͠, ͦ















͜͜Ͱ IE͸, IEͷ૯ϑϨʔϜ਺Ͱ͋Δ. ·ͨ, c͸A·ͨ͸BͰ͋Δ. GEΛ༻͍ͯ, Π
ίϥΠβۙࣅͰͷग़ྗ৴߸ͷ࣌ؒप೾਺දݱZE[i, k]Λ,




















c [i]ࢉग़ͷ֓೦ਤΛ, ਤ 8.3ʹࣔ͢.
Ҏ্ͷΑ͏ʹͯ͠ٻΊͨ ZE[i, k], ZD[i, k] Λ ISTFT͢Δ͜ͱͰ, ΠίϥΠβۙࣅͱ
μοΧʔۙࣅͷग़ྗ৴߸ΛಘΔ.
8.3 ௌऔ࣮ݧʹΑΔۙࣅॲཧͱͷൺֱ
୯७Ճࢉ (A), ఏҊ๏ A(S), ΠίϥΠβۙࣅ (E), μοΧʔۙࣅ (D)ͷ 4ख๏ʹ͍ͭ







͸ߦΘΕͣ, ༏ઌ౓ͷ௿͍ೖྗ৴߸΁ͷ཈੍ͷΈͱ͢Δͷ͕ओͰ͋Δ. ैͬͯ, ೖྗ࣌













ೖྗ৴߸͸, ද 8.2ʹࣔ͢ 3ηοτΛ༻͍ͨ. Ի੠͸ʮ࿩଎όϦΤʔγϣϯܕԻ੠σʔ
λϕʔε SRV-DB[55] ʯͷ, ʮൃ࿩ͷϓϩϑΣογϣφϧʹΑΔΦϦδφϧݪߘʢΧʔ
φϏจষʣͷಡΈ্͛ʯ͔Β, 09 ∼ 32จͷ 24σʔλΛ༻͍ͨ. BGM͸ʮ RWC ݚڀ
༻Իָσʔλϕʔε: ϙϐϡϥʔԻָ [56] ʯʹऩ࿥ͷԻݯΛ༻͍ͨ. ֤ηοτͰͷԻ੠
ͱBGMͱͷԻྔࠩ͸, ͋ΔҰਓͷඃݧऀʹରͯ͠୯७Ճࢉͨ͠ͱ͖ʹԻ੠͕ௌ͖ͱΕ
ͳ͍Α͏ʹ༧Ίௐ੔ͨ͠. ·ͨ, Ի੠ʹ SNR͕ −10 dBͷന৭ࡶԻΛ෇Ճ࣮ͨ͠ݧ΋
ߦͬͨ. ന৭ࡶԻ͸ϐϯΫϊΠζ΄Ͳ૽ԻΛ୅ද͢Δ৴߸Ͱ͸ͳ͍͕, Ұ෦ͷ૽Ի (ྫ
͑͹ϑϥΠύϯʹΑΔௐཧ࣌ͷԻ)ʹରͯ͠͸ྨࣅੑ͕ߴ͍. Ի੠ͷ 24σʔλͷ͏ͪ,




ඃݧऀʹ͸, αϯϓϧΛ 1౓͚ͩௌ͔ͤ, ௌ͖ͱΕͨ಺༰ΛͻΒ͕ͳͰهೖͤͨ͞. ྃ
ղ౓ͷࢉग़͸, αϯϓϧ͝ͱʹ 3ஈ֊ (2:શԻઅਖ਼ղ, 1:Ұ෦Իઅਖ਼ղ, 0:શԻઅෆਖ਼ղ)
Ͱಘ఺͚ͮ͠, શαϯϓϧͰશԻઅਖ਼ղͷ৔߹ʹ, 100%ͱͳΔΑ͏ਖ਼نԽͨ͠.
ओ؍ධՁ͸, Q1 : “ೖྗԻ੠ͱൺֱͯ͠, ಺༰ͷௌ͖ͱΓ΍͢͞”, Q2 : “ೖྗԻ੠ͱ
ൺֱͯ͠, Ի࣭ͷࣗવ͞”, Q3 : “ೖྗBGMͱൺֱͯ͠, Ի࣭ͷࣗવ͞”ͷ 3ͭͷධՁ߲
໨ͱͨ͠. ධՁ஋͸, ද 8.4ʹࣔ͢ 5ஈ֊ͷDMOS(Degradation Mean Opinion Score)
஋ [67]ͱͨ͠.
ೖྗ৴߸͸, ද 8.3 ʹࣔ͢ 3ηοτΛ༻͍ͨ. Ի੠ʹ͸ʮ࿩଎όϦΤʔγϣϯܕԻ੠
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ද 8.2. ྃղ౓Ͱͷ, ೖྗ৴߸ 3ηοτͷઃఆ
Standard Volume
Set Contents deviation diﬀerence
I1








Voice PF02 (Female) 375
24 dB
BGM No.94 6000
ද 8.3. ओ؍ධՁͰͷ, ೖྗ৴߸ 3ηοτͷઃఆ
Standard Volume
Set Contents deviation diﬀerence
E1













͸จ͕୹͘཈༲͕୯ௐͰ, Ի࣭ͷࣗવ͞ͷධՁ͕ࠔ೉Ͱ͋ΔͨΊͰ͋Δ. Ұํ, BGMʹ
͸ 4.1અͷ࣮ݧͱಉ͡΋ͷΛ༻͍ͨ. ֤ηοτͰͷԻ੠ͱ BGMͱͷԻྔࠩ͸, ͋ΔҰ
ਓͷඃݧऀʹରͯ͠୯७Ճࢉͨ͠ͱ͖ʹԻ੠͕ௌ͖ͱΕͳ͍Α͏ʹ༧Ίௐ੔ͨ͠. ͞




ࣅͰ, ന৭ࡶԻͷ෇Ճͷ༗ແʹ͔͔ΘΒͣ 100%Λୡ੒ͨ͠. ఏҊ๏A͕ྃղ౓Λ޲্
͍ͤͯ͞ΔཁҼͱͯ͠, ࣌มͳήΠϯૢ࡞͕େ͖ͳ໾ׂΛՌ͍ͨͯ͠Δ͜ͱ͕ࣔ͞Εͨ.
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ද 8.4. ओ؍ධՁͰͷ, DMOS஋ͷઃఆ
Point Impairment
5 Degradation is inaudible
4 Degradation is audible but not annoying
3 Degradation is slightly annoying
2 Degradation is annoying







































set I1 set I2 set I3
(b) With noise
ਤ 8.4. ྃղ౓ͷௌऔ࣮ݧ݁Ռ. ࠨ (a) : ന৭ࡶԻ෇Ճͳ͠, ӈ (b) : ന৭ࡶԻ෇Ճ͋Γ. A : ୯
७Ճࢉ, E : ΠίϥΠβۙࣅ, D : μοΧʔۙࣅ, S : ఏҊ๏A































set1 E1 set2 E2 set3 E3































set1 E1 set2 E2 set3 E3































set1 E1 set2 E2 set3 E3
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set1 E1 set2 E2 set3 E3
(f) Q3 : Sound quality of the BGM, With noise
ਤ 8.5. ओ؍ධՁͷௌऔ࣮ݧ݁Ռ. ্ (a,b) : Q1 Ի੠ͷ಺༰ͷௌ͖ͱΓ΍͢͞, த (c,d) : Q2
Ի੠ͷԻ࣭ͷࣗવ͞, Լ (e,f) : Q3 BGMͷԻ࣭ͷࣗવ͞. ࠨ (a,c,e) : ന৭ࡶԻ෇Ճͳ͠, ӈ
(b,d,f) : ന৭ࡶԻ෇Ճ͋Γ. A : ୯७Ճࢉ, E : ΠίϥΠβۙࣅ, D : μοΧʔۙࣅ, S : ఏҊ๏A
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ओ؍ධՁͷ݁ՌΛਤ 8.5ʹࣔ͢.
“Ի੠ͷ಺༰ͷௌ͖ͱΓ΍͢͞ (Q1)”ʹ͍ͭͯ͸, (a)ΑΓ, ఏҊ๏AͱμοΧʔۙࣅ
͕लͰ͍ͯΔ. Ұํ, ന৭ࡶԻ෇Ճ͋ΓͰͷධՁ (b)Λ (a)ͱൺֱ͢Δͱ, μοΧʔۙࣅ
ͰͷΈશηοτͰධՁ͕Լ͕͍ͬͯΔ.
“Ի੠ͷԻ࣭ͷࣗવ͞ (Q2)”ʹ͍ͭͯ͸, (c)ΑΓ, ୯७ՃࢉͱΠίϥΠβۙࣅͰ͸ධ
Ձ͕ߴ͘, μοΧʔۙࣅͱఏҊ๏AͰ͸௿͍. Ұํ, ന৭ࡶԻ෇Ճ͋ΓͰͷධՁ (d)Λ
(c)ͱൺֱ͢Δͱ, μοΧʔۙࣅͷΈධՁ͕Լ͕Γ, ఏҊ๏AͰ͸ٯʹධՁ্͕͕ͬͯ
͍Δ.
“BGMͷԻ࣭ͷࣗવ͞ (Q3)”ʹ͍ͭͯ͸, (e)ΑΓ, ୯७ՃࢉͱΠίϥΠβۙࣅͰ͸




ͷྼԽͱͯ͠΋ධՁ͞Εͨ͜ͱ͕Θ͔Δ. ఏҊ๏AͰ͸, Ի੠, BGMͱ΋ʹධՁ͕޲
্͍ͯ͠Δ. ٯʹμοΧʔۙࣅͰ͸, Ի੠, BGMͱ΋ʹධՁ͕௿Լ͍ͯ͠Δ.
Ҏ্͔Β, ࣌ؒྖҬͰͷήΠϯૢ࡞ʹΑΓ, Ի੠ͷྃղ౓ͱ಺༰ͷௌ͖ͱΓ΍͢͞Λ
ಘΒΕΔ͜ͱ͕ࣔ͞Εͨ. प೾਺ଳҬ͝ͱʹॲཧΛҟʹ͢Δ͜ͱͰ, Ի࣭ྼԽΛ௿ݮͰ




৴߸ͱͯ͠ද 8.3ͷE3Λ༻͍ͨͱ͖ͷೖग़ྗ৴߸ͷ࣌ؒप೾਺ฏ໘Λਤ 8.6 ʹࣔ͢ (ύ
ϫʔ͕େ͖͍෦෼ΛࠇͰද͍ͯ͠Δ). ਤ 8.6ͷ 12ຕͷ࣌ؒप೾਺ฏ໘ͷ͏ͪ, ࠨͷ 6ຕ
͸ന৭ࡶԻΛՃ͑ͳ͍৔߹ͷೖग़ྗ৴߸Ͱ͋Γ,্͔ΒೖྗԻ੠ (CV),ೖྗBGM(CB),
୯७Ճࢉ (CA),ΠίϥΠβۙࣅ (CE),μοΧʔۙࣅ (CD),ఏҊ๏A(CS)Ͱ͋Δ. ӈͷ 6
ຕ͸ന৭ࡶԻΛՃ͑ͨ৔߹ͷೖग़ྗ৴߸Ͱ͋Γ,্͔ΒೖྗԻ੠ (WV),ೖྗBGM(WB,
ͨͩ͠CBͱಉҰͰ͋Δ), ୯७Ճࢉ (WA), ΠίϥΠβۙࣅ (WE), μοΧʔۙࣅ (WD),






͋Θͤͯ, ৴߸ؒͰͷ໛༷ͷൺֱΛ, ਺஋ࢦඪͰ΋֬ೝ͢Δ. ୈҰͷ਺஋ࢦඪͱͯ͠,
ྖҬ಺ͷ֤఺Ͱͷύϫʔ (dBදݱ)ͷ૬ؔ܎਺Λ༻͍ͨ (ද 8.5). ୈೋͷ਺஋ࢦඪͱ͠
ͯ, ྖҬ಺ͰͷฏۉύϫʔΛ༻͍ͨ (ද 8.6).














































































































































ਤ 8.6. ೖग़ྗ৴߸ͷ࣌ؒप೾਺ฏ໘. ӈ : ന৭ࡶԻ෇Ճͳ͠, ࠨ : ന৭ࡶԻ෇Ճ͋Γ. ্͔Β,
ೖྗԻ੠, ೖྗ BGM, ୯७Ճࢉ, ΠίϥΠβۙࣅ, μοΧʔۙࣅ, ఏҊ๏A
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ද 8.5. ਤ 8.6ͷ࿮಺ʹ͓͚Δೖग़ྗ৴߸ؒʹ͍ͭͯͷ૬ؔ܎਺
















































·ͣ, αͱ βʹண໨͢Δ. ද 8.6(a), (c)ΑΓ, ೖྗ CVʹର͢Δग़ྗ {CA, CE, CD,
CS}ͷ૬ؔ͸, CAͷ৔߹ʹൺֱͯ͠, CEͰ͸վળ͕ݟΒΕͣCDͱCSͰ͸վળ͕ݟ
ͯऔΕΔ. ͜Ε͸, Ի੠ͷ಺༰ͷௌ͖ͱΓ΍͢͞ͷ݁Ռ (ਤ 8.5(a))ͱҰக͍ͯ͠Δ. ͢
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ද 8.6. ਤ 8.6ͷ࿮಺ʹ͓͚Δೖग़ྗ৴߸ͷฏۉύϫʔ
(a) Without noise (dB)
α β γ δ
CV 58.4 33.2 31.8 17.5
CB 82.7 43.9 5.9 42.7
CA 82.8 44.3 31.8 42.7
CE 82.4 44.3 31.8 42.7
CD 82.4 46.2 42.4 41.7
CS 82.3 44.6 31.8 42.7
(b) With noise (dB)
α β γ δ
WV 58.4 38.6 38.1 37.4
WB 82.7 43.9 5.9 42.7
WA 82.8 45.1 38.1 43.8
WE 82.3 45.1 38.1 43.8
WD 82.1 50.2 48.4 48.9
WS 82.0 46.7 38.1 43.8
ͳΘͪ, ΠίϥΠβۙࣅʹରͯ͠ͷμοΧʔۙࣅͱఏҊ๏Aͷ༏Ґੑ͕਺஋ࢦඪʹΑͬ
ͯཪ෇͚ΒΕͨ.
࣍ʹ, γʹண໨͢Δ. ਤ 8.6ΛݟΕ͹໌Β͔ʹWDͰͷΈ γͰͷύϫʔ͕ಥग़͍ͯ͠
Δ. ࣮ࡍ, ฏۉύϫʔ (ද 8.6(b))͸WAʹൺ΂ͯ໿ 10 dB(≈ 48.4 − 38.1)૿͍͑ͯΔ.
Ұํ, ද 8.5(f)ΑΓWVͱͷ૬͕ؔWDͰͷΈԼ͕͍ͬͯΔ͜ͱ͔Β, ͦͷԻ੠͸ྼ
Խ͍ͯ͠Δ. ͜ΕΒͷ݁Ռ͸, Ի੠ͷԻ࣭ͷࣗવ͞ (ਤ 8.4(d))Ͱͷ݁ՌͱҰக͠, μο
Χʔۙࣅʹରͯ͠ͷఏҊ๏Aͷ༏Ґੑ͕਺஋ࢦඪʹΑͬͯཪ෇͚ΒΕͨ͜ͱʹͳΔ.
ଓ͍ͯ, δʹண໨͢Δ. ਤ 8.6ΑΓBGMͷΞλοΫ੒෼͸WDͰͷΈফࣦ͍ͯ͠Δ.
ද 8.5(h)ΑΓWBͱWDͷ૬͕ؔ 0.106ʹͳ͍ͬͯΔ͜ͱ͔Β΋, BGM͕ྼԽ͍ͯ͠
Δͱ͔֬ΊΒΕͨ. ͜Ε͸, BGMͷԻ࣭ͷࣗવ͞ (ਤ 8.4(f))Ͱͷ݁ՌͱҰக͠, ͜͜Ͱ
΋μοΧʔۙࣅʹର͢ΔఏҊ๏Aͷ༏Ґੑ͕ࣔ͞Εͨ͜ͱʹͳΔ.
࣌ؒप೾਺ฏ໘Ͱͷ؍࡯ʹΑΓ, ҎԼͷ͜ͱ͕Θ͔ͬͨ. ·ͣ, Ի੠ͷௌ͖ͱΓ΍͢
͞ͷ֬อͰ͸, ग़ྗ৴߸ͰͷԻ੠ͷ࣌ؒप೾਺ฏ໘Ͱͷೱ୶ͷ໛༷ͷҡ͕࣋ॏཁͰ͋Δ
ͱߟ͑, ͦΕ͸ओ؍ධՁͷ࣮ݧ݁ՌͱҰகͨ͠. Ұํ, Ի࣭ͷධՁͷҡ࣋Ͱ͸, എܠࡶԻ
Λॲཧͷద༻֎ͱ͢Δ͜ͱ͕ॏཁͰ͋Δ. ఏҊ๏AͰ͸྆ऀΛୡ੒Ͱ͖͓ͯΓ, ఏҊ๏
AͷΠίϥΠβۙࣅ, μοΧʔۙࣅͰ͸ୡ੒Ͱ͖ͳ͍. Αͬͯ, ఏҊ๏AͰͷ࣌ؒप೾
਺ྖҬͰͷॲཧͷ༗ޮੑ͕ࣔ͞Εͨ.
ͳ͓, ΠίϥΠβۙࣅ, μοΧʔۙࣅͰͷมԽྔ͸, ఏҊ๏AͰͷ࣌ؒप೾਺ྖҬͰ
ͷॲཧʹج͍ͮͯࢉग़͍ͯ͠Δ. ैͬͯ, μοΧʔۙࣅ͕ఏҊ๏Aͱಉ౳ͷධՁʹͳΔ
৔߹͕͋ͬͨͱͯ͠΋, ܭࢉྔͷ؍఺ͰμοΧʔۙࣅ๏͸࣮༻తͰ͸ͳ͍.




Ի੠ͱBGMͷϛΩγϯάΛ, ୯७Ճࢉ, ఏҊ๏A, ΠίϥΠβۙࣅ, μοΧʔۙࣅͷ
4ख๏Ͱ࣮ࢪ͠, ௌऔ࣮ݧʹΑΓྃղ౓ͱओ؍ධՁΛൺֱͨ͠. Ի੠͸, ന৭ࡶԻΛ෇
Ճͨ͠Իݯͱͦ͏Ͱͳ͍Իݯͱͷ 2छྨͰݕ౼ͨ͠.
















Λҡ࣋͢Δ΋ͷͱ͢Δ. ຊ࿦จͰ͸, ͜ΕΒͷ໨తΛୡ੒͢ΔͨΊʹ, ࣌ؒप೾਺ฏ໘
Λ༻͍ͨԻ৴߸ࠞ߹๏Λ 3ख๏ఏҊ͠, ओ؍ධՁ࣮ݧͱ࣌ؒप೾਺ฏ໘ͷ؍࡯ʹΑΓ༗
ޮੑΛݕ౼ͨ͠.
ୈ 2ষͰ, Ի੍ָ࡞ʹ͓͚ΔϛΩγϯάॲཧʹ͍ͭͯ·ͱΊͨ. ·ͣ, ϛΩγϯάॲ
ཧͷ໨త͕, Իྔ, ఆҐ, Ի৭ͷόϥϯεΛ੔͑, ओ໾Λ͸͖ͬΓͤ͞Δ͜ͱʹ͋Δͱ·








͝ͱʹצҊͰ͖Δ఺ʹ͋Δͱ·ͱΊͨ. ·ͨ, εϚʔτϛΩαʔͷ࣮૷ʹ͍ͭͯ, ϋʔ
υ΢ΣΞͱιϑτ΢ΣΞʹ͍ͭͯྫࣔͨ͠.
ୈ 4ষͰ, ௐ೾ߏ଄ʹண໨ͨ͠ख๏ΛఏҊ๏Aͱͯ͠ఏҊͨ͠. ͜ͷख๏Ͱ͸, ࣌ؒ
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प೾਺ฏ໘্Ͱͷௐ೾ߏ଄ͷύλʔϯΛଊ͑ΔͨΊʹ, MPEG1 Audioʹؚ·ΕΔௌ֮
৺ཧϞσϧͷ७Ի൑ఆΛج४ͱͨ͠. ͜ͷఏҊ๏Aʹ͍ͭͯ, ग़ྗ৴߸ͷ࣌ؒप೾਺ฏ
໘ͷ؍࡯ͱௌऔ࣮ݧʹΑΔओ؍ධՁ࣮ݧΛߦͬͨ. ධՁ࣮ݧͰ͸, ఏҊ๏ Aͷ࣌ؒप
೾਺ฏ໘্ͰͷॲཧྔΛ࣌ෆมͷΠίϥΠβͱͯۙ͠ࣅ͢Δॲཧ๏Λൺֱର৅ͱͨ͠.
ൺֱʹΑΓ, Ի੠ͷௌ͖औΓ΍͢͞ʹ͍ͭͯ, ఏҊ๏AͷධՁ্͕ճΔ (΢ΟϧίΫι
ϯͷॱҐ࿨ݕఆͷยଆݕఆʹ͓͍ͯ, p = 0.027) ͜ͱ͕Θ͔ͬͨ.





ୈ 6ষͰ, ϑΥϧϚϯτߏ଄ͱࣃࡲԻʹண໨ͨ͠ख๏ΛఏҊ๏Cͱͯ͠ఏҊͨ͠. ͜
ͷख๏͸, ఏҊ๏BʹΑΔϑΥϧϚϯτߏ଄΁ͷॲཧʹ, ࣃࡲԻ΁ͷॲཧΛ௥Ճͨ͠΋
ͷͰ͋Δ. ࣃࡲԻ΁ͷॲཧ͸, ฼Իͷप೾਺෼෍ͷಛ௃͸ 3 kHzΑΓ௿͍प೾਺ଳҬͰ





ୈ 7ষͰ͸, ఏҊͨ͠ 3ख๏ʹ͍ͭͯൺֱͱߟ࡯Λߦͬͨ. ୈҰͷൺֱͱͯ͠, ࣮ߦ
࣌ؒΛܭଌͨ͠. ୈೋͷൺֱͱͯ͠, ओ؍ධՁͱൃ࿩಺༰ͷྃղ౓ͷௌऔ࣮ݧΛߦͬͨ.
ఏҊͨ͠ 3ख๏͕, Ի੠ͷௌ͖औΓ΍͢͞, Ի੠ͷԻ࣭ͷࣗવ͞, BGMͷԻ࣭ͷࣗવ͞,
ྃղ౓ͷશͯͷ߲໨Ͱ, ୯७ՃࢉΑΓ΋ྑ͍ධՁ (΢ΟϧίΫιϯͷॱҐ࿨ݕఆͷ྆ଆ
ݕఆʹ͓͍ͯ, શ߲໨Ͱ p = 0.000)Λಘͨ. ఏҊ๏AͱఏҊ๏ CͰಉ౳ͷԻ੠ͷௌ͖
औΓ΍͢͞ (΢ΟϧίΫιϯͷॱҐ࿨ݕఆͷ྆ଆݕఆʹ͓͍ͯ, p = 0.884)͕֬อͰ͖
Δ͜ͱ͕ࣔ͞Εͨ. ఏҊ๏AͱఏҊ๏ CͷධՁ͸ BGMͷԻ࣭ྼԽͷ߲໨ͷΈͰ෼͔
Ε, ௐ೾ߏ଄ʹண໨ͨ͠ख๏͕ΑΓԻ࣭ྼԽ͕໨ཱͭ (΢ΟϧίΫιϯͷॱҐ࿨ݕఆͷ
྆ଆݕఆʹ͓͍ͯ, p = 0.000)ͱධՁ͞Εͨ. ͜ΕΒͷൺֱ͔Β, Ի੠ͷௌ͖ͱΓ΍͢
͞ͱԻ࣭ʹ͍ͭͯ͸ఏҊ๏C͕࠷ྑͰ͋Δ͜ͱ͕Θ͔ͬͨ. ·ͨ, ܭࢉྔʹ͍ͭͯ͸ఏ
Ҋ๏A͕࠷খͰ͋Γ, ఏҊ๏ Cͱಉ౳ͷԻ੠ͷௌ͖ͱΓ΍͢͞ͷධՁ͕ಘΒΕΔ͜ͱ
͕Θ͔ͬͨ. Ұํ, ࠶ੜଳҬͷ্ݶ͕௿͍ԻڹγεςϜͰ༻͍Δ৔߹΍, Ի੠ූ߸Խܗ
ࣜΛ༻͍Δ৔߹Ͱ͸, ఏҊ๏B͕༗རͰ͋Δ.
ୈ 8ষͰ, εϚʔτϛΩαʔʹ͓͚Δ࣌ؒप೾਺ฏ໘ར༻ͷ༗༻ੑΛ֬ೝͨ͠. ఏҊ
๏ Aͷ࣌ؒप೾਺ฏ໘্ͰͷॲཧྔΛप೾਺࣠ʹ౤Өͨ͠ख๏ (ΠίϥΠβۙࣅ), ࣌
ؒ࣠ʹ౤Өͨ͠ख๏ (μοΧʔۙࣅ)Λఆٛ͠, ࣌ؒप೾਺ฏ໘Ͱͷ؍࡯ͱ٬؍తͳ਺
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Ҏ্ΑΓ, ຊ࿦จͷఏҊ๏͸Ի੠Λຒ΋Εͤ͞ͳ͍Ի৴߸ࠞ߹Λ࣮ݱͰ͖Δ͜ͱ͕ࣔ
͞Εͨ. ·ͨ, Ի৴߸ࠞ߹ʹ͓͍ͯ࣌ؒप೾਺ฏ໘ͷར༻ͷ༗ޮੑ͕, ຊ࿦จͷఏҊ๏
ʹ͓͚Δ࣌ؒप೾਺ฏ໘্ͰͷॲཧྖҬ੍ݶͷޮՌͱͯࣔ͠͞Εͨ.
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9.2 ࠓޙͷ՝୊
ࠓޙͷ՝୊ͱͯ͠ୈҰʹ, ຊ࿦จͰओͱͯ͠ఏҊͨ͠ 2ख๏ͷ஌ݟΛ૯߹ͨ͠ख๏ͷ
ݕ౼͕ڍ͛ΒΕΔ. ୈ 7, 8ষͰͷߟ࡯͔Β, ࣌ؒप೾਺ฏ໘ͰͷॲཧྖҬ੍ݶͷॏཁੑ





ख๏Ͱ͸ LPCΛ༻͍͓ͯΓ, ܭࢉྔ͕େ͖͍. LPC͸Ի੠ͷੜ੒ϞσϧͱରԠ͕ྑ͍
ͨΊ, ୅ସ๏Λ༻͍Δ͜ͱͰϑΥϧϚϯτਪఆͷྼԽ͢Δ. ϑΥϧϚϯτਪఆͷྼԽʹ















ୈ࿡ʹ, ϦΞϧλΠϜ࣮૷Ͱ͋Δ. ࣮༻Խ͸΋ͪΖΜͷ͜ͱ, ఏҊ๏Λޮ཰ྑ͘վྑ
͢ΔͨΊʹ΋, ϦΞϧλΠϜ࣮૷͕ॏཁͰ͋Δ. ϦΞϧλΠϜ࣮૷Ͱ͸ϨΠςϯγ͸Մ
ೳͳݶΓ୹͍ͷ͕ྑ͍. FPGAΛ༻͍ͨϋʔυ΢ΣΞ্ͰͷϦΞϧλΠϜ࣮૷ͷݕ౼
ʹΑΓ, ϨΠςϯγ͕ղੳ૭෯ͷ 1/2ఔ౓Ͱ࣮૷Ͱ͖Δ͜ͱ͕Θ͔͍ͬͯΔ. ͜ͷϨΠ
ςϯγ͸, ॲཧର৅ͱ͢ΔαϯϓϧΛத৺ͱͨ࣌ؒ͠प೾਺දݱΛಘΔͨΊʹඞཁෆՄ













ൃදͷ࣌ظͳͲͰ͸, େ͍ʹࢧ͑ͯԼ͍͞·ͨ͠. தͰ΋, 2012೥ 11݄ͷϨδϡϝకΊ
੾Γؒࡍʹଷ͍ͨϓϦϯͷ͜ͱ͸๨ΕΒΕ·ͤΜ. ख௩าࢯͱѴԬॢհࢯʹײँ͍ͨ
͠·͢. ϛΩγϯάΤϯδχΞͱͯ͠, ࣮ݧαϯϓϧͷ੍࡞ʹ΋͝ڠྗ͍͖ͨͩ·ͨ͠.







੢ํՆࢠ༷ʹײँ͍ͨ͠·͢. iPhoneΞϓϦ omoideͱͯ͠, εϚʔτϛΩαʔΛॳ
Ί࣮ͯ༻Խ͍ͯͩ͘͠͞·ͨ͠. ࣮༻Խʹ଱͑ಘΔΑ͏ʹ, ૝ఆ͢΂͖γνϡΤʔγϣ





























ຊݚڀ͸, RWCݚڀ༻Իָσʔλϕʔε (ϙϐϡϥʔԻָ)ΑΓ, RWC-MDB-P-2001-





MPEG-1/Audio Psychoacoustic model 1ͷ
ൈਮ
ຊষͰ͸, ௌ֮৺ཧϞσϧMPEG-1/Audio Psychoacoustic model 1[59, 60, 61, 62]
ʹ͍ͭͯड़΂Δ. MPEG-1Ͱ͸, SMR(signal to masking ratio)ʹج͖ͮ, ֤प೾਺
ଳҬͷϏοτׂ౰ͯ਺ΛมԽͤ͞Δ͜ͱͰ, ූ߸ԽΛߦͳ͍ͬͯΔ. MPEG-1/Audio
Psychoacoustic model 1͸, ͦͷ SMRͷࢉग़Λ໨తͱͨ͠ௌ֮৺ཧϞσϧͰ͋Δ. Ϛ









ຊߘͰ͸, ఏҊ๏Ͱ༻͍Δ (1)∼(4)·ͰΛઆ໌͢Δ. ·ͨ, ࢉग़ʹ༻͍Δ஋͸, αϯϓ
Ϧϯάप೾਺͕ 44.1 kHzͰͷ஋Ͱ͋Δ.
ୈ A ষ MPEG-1/AUDIO PSYCHOACOUSTIC MODEL 1ͷൈਮ 111
(1) प೾਺ม׵ ·ͣ, ೖྗ৴߸Λϋχϯά૭Λ༻͍ͯ੾Γग़͠, FFTʹΑΓप೾਺
ม׵͢Δ. FFT఺਺͸, Layer1Ͱ͸ 512఺, Layer2Ͱ͸ 1024఺. ϑϨʔϜγϑτ෯͸,
Layer1Ͱ͸ 384఺, Layer2Ͱ͸ 1152఺Ͱ͋Δ.
(2) ७Իͱඇ७Իͷநग़ ϚεΩϯά͸, ৴߸ͷ࣌ؒप೾਺෼෍ʹΑͬͯ, ࣌ؒप೾
਺ฏ໘্Ͱͷҟͳͬͨ޿͕ΓΛ࣋ͭ. ͜ͷௌ֮৺ཧϞσϧͰ͸, ७Իͱඇ७Իͷೋछྨ
Λ۠ผͯ͠, ϚεΩϯάྔΛࢉग़͢Δ.
७Ի൑ఆ͸, ྟքଳҬ෯ (±0.5 Bark, ܭ 1 Bark)Λߟ্ྀͨ͠Լप೾਺Ϗϯ (ࣜ (A.1),
(A.2))ͱͷΤωϧΪͷൺֱͰߦ͏. ൺֱର৅ʹରͯ͠, ൑ఆ͍ͯ͠Δ੒෼͕ 7 dBҎ্





±2 (2 < k < 63)
±2,±3 (64 ≤ k < 127)





±2 (2 < k < 63)
±2,±3 (64 ≤ k < 127)
±2, · · · ,±6 (127 ≤ k ≤ 255)
±2, · · · ,±12 (256 ≤ k ≤ 500)
(A.2)
✒ ✑
(3) ७Իͱඇ७Ի, ྆੒෼ͷௌ্֮ͰͷԻྔͷࢉग़ ७Ի, ඇ७Իͱͯ͠ͷԻྔΛࢉ
ग़͢Δ. ྆੒෼͸, प೾਺ํ޲΁ͷ෼෍ͷ޿͕Γ͕ҟͳ͍ͬͯΔ. ͦͷ޿͕Γʹ߹Θͤ
ͨଳҬͷΤωϧΪͷ૯࿨Λ, ௌ্֮ͰͷԻྔͱ͢Δ (ࣜ (A.3), (A.4)).
Իѹͷܭࢉ✓ ✏








∀X[j] /∈ {Xtm(k, k ± 1, k ±∆k)}
(A.4)
✒ ✑
(4) ࠷খՄௌҬͱྟքଳҬ෯ʹΑΔ੒෼ͷؒҾ͖ ७Ի, ඇ७ԻΛؒҾ͖͢Δ. ؒҾ
͖Ͱ͸, ࠷খՄௌҬͱ, ྟքଳҬ಺ͰͷϚεΩϯάΛߟྀ͢Δ. ֤प೾਺ϏϯʹରԠ͢
Δप೾਺Ͱͷ࠷খՄௌҬͷᮢ஋ATH[k]͸, ࣜ (A.5)ͰٻΊΒΕΔ. ͜͜Ͱ, ATH[k]͸
प೾਺Ϗϯ kͰͷ࠷খՄௌҬͷᮢ஋Ͱ͋Δ.





+ 10−3(f/1000)4 + 90.302 (dB)
(A.5)
ୠ͠, 68 dBҎ্ͷ஋͸ 68 dBͱ͢Δ.
܎਺ 90.302͸, μΠφϛοΫϨϯδͱ࠷খՄௌҬͱద߹ͤ͞ΔͨΊͷิਖ਼஋Ͱ͋Δ.
Ptm[k] = Ttm[k], ∀k ∈ Ttm[k] ≥ ATH[k] (A.6)
Pnm[k] = Tnm[k], ∀k ∈ Tnm[k] ≥ ATH[k] (A.7)✒ ✑
ଓ͍ͯ, ࠷খՄௌҬͷᮢ஋ΑΓ΋େ͖͍੒෼ʹ͍ͭͯ, ࣜ (A.8), (A.9)Ͱੜ੒͞ΕΔ





k (1 ≤ k ≤ 48)
k + (k mod 2) (49 ≤ k ≤ 96)





k (1 ≤ k ≤ 48)
k + (k mod 2) (49 ≤ k ≤ 96)
k + 3− ((k − 1) mod 4) (97 ≤ k ≤ 192)
k + 7− ((k − 1) mod 8) (193 ≤ k ≤ 464)
(A.9)
Ptm[i] = Ptm[k] (A.10)
Pnm[i] = Pnm[k] (A.11)✒ ✑
͞Βʹ Ptm[i], Pnm[i]ͦΕͧΕΛ, ޓ͍ʹॏͳΒͳ͍Α͏ʹઃఆͨ͠ྟքଳҬ jຖʹ૯
࿨ΛͱΓ, Ұͭͷ஋ͱ͢Δ. ຊߘͰ͸, ͜ͷ஋Λศ্ٓ Stm[j], Snm[j]ͱ͢Δ. ͞Βʹ,
৴߸શମͰͷௌ্֮ͷԻྔͱͯ͠, S[j]Λࣜ (A.12)ͷΑ͏ʹఆٛ͢Δ.
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